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ATLANTIC-PACIFIC INTEROCEANIC CANAL STUDY COMMISSION
716 JACKSON PLACE. N.W.
WASHINCTON. D.C. 20500

. December 1, 1970

The President
The White House J91J

Washington, D. C.

Dear Mr. President:

We have the honor to submit herewith the final report of the Atlantic-
Pacific Interoceanic Canal Study Commission as required by Public Law
88-609, 88th Congress, as amended.

One provision of the law required us to determine the practicability
of nuclear canal excavation. Unfortunately, neither the technical
feasib.lity nor the international acceptability of such an application of
nuclear excavation technology has been established at this date. It is not
possible to foresee the future progress of the technology or to determine
when international agreements can be effectuated that would permit its use
in the construction of an interoceanic canal. Hence, although we are
confident that someday nuclear explosions will be used in a wide variety
of massive earth-moving projects, no current decision on United States
canal policy should be made in the expectation that nuclear excavation
technology will be available for canal construction.

The construction of a sea-level canal by conventional means is
physically feasible. The most suitable site for such a canal is on Route 10
in the Republic of Panama. Its construction cost would be approximately
$2.88 billion at 1970 price levels. Amortization of this cost from toll
revLlues may or may not be possible, depending on the growth in traffic,
the time when the canal becomes operative, the interest rate on the
indebtedness, and payments to the host country. We believe that the
potential national defense and foreign policy benefits to the United States,
justify acceptance of a substantial financia' risk.

As .L first step, we urge that the United States negotiate with Panama
a treaty that provides for a unified canal system, comprising both the
existing canal and a sea-level canal on Route 10, to be operated and
defended under the effective control of the United States with participation
by Pararia.

if suitable treaty arrangements are negotiated and ratified and if the
requisite funds can then be made available, we recommend that construction
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of a sea-level canal be initiated on Route 10 no later than 15 years in
advance of the probable date when traffic through the present canal w-1l
reach its transit capacity. Current trends indicate that this will be near
the end of this century; the specific year can be projected with increasing
confidence as it draws nearer.

We recognize, however, that the President of the United States and
the Congress will continue to face many serious fundinq problems and
must establish the relative priorities of the aquirements for defense,
welfare, pollution, civil rights, crime, and other problems in social
undertakings then existing.

We specifically recommend that, when the rights and obligations
of the United States under new treaties with Panama are determined, the
President reevaluate the need and desirability for additional canal
capacity in the light of canal traffic and other developments subsequent
to 1970, and take such further steps in planning the construction of a
sea-level canal on Route 10 as are then deemed appropriate.

Respectfully,

Robert G. Storey yMilton S. Etsenhower

Kenneth E. Fields Raymond A. Hill

Robr BAneson, Chairman
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REPORT OF THE
ATLANTIC-PACIFIC INTEROCEANIC CANAL

STUDY COMMISSION

CHAiPTER I

!NTRODUCTION

The Atlantic-Pacific Interoceanic Canal Study Commission was required by Public Law
8S-609 of the 88th Congress, September 22, 1964, (Enclosure I) ". to make a full aid4
complete investigation and study, including necessary on-site surveys, and consid.cring
national defense, foreign relations, intercoastal shipping, interoceanic shipping, and such
other matters as they may determine to be important, for the purpose of determining the
feasibility of, and the most suitable site for, the construction of a sea-level canal connecting
the Atlantic and Pacific O,;eans; the best means of constructing such a c:,nal, whether by
conventional or nuclear excavation, and the estimated cost thereof." The Commission
interpreted its mission also to require, for the purpose of comparison, an evaluation of the
merits of improving and augmenting the existing Panama Canal to accommodate forecast
traffic.

On December 18, 1964, President Lyndon B. Johnson announced the willingness of the
United States to negotiat,' with the Republic of Panama a new treaty to replace the Treaty
of 1903. At the same time he stated that the United States would request rights to conduct
on-site invectigations of potential sea-level canal routes not oniy in Panama but also in
Colombia, Nicaragua, and Costa Rica. The President said:

"For fiftyyears the Panama Canal has carried ships of all n.tions in peaceful
trade between the two r-•at oceans - on terms of entire equality and at no profit
to this country. The Canal has also served the cause of peace and freedom in two
world wars. It has brought great economic c, itributions to Panama. For the rest
of its life the Canal will continue to serve trade, and peace, and the people of
Panama.

But that life it now limited. The Canal is growing old, and so are the Treaties
for its management, which go back to 1903.

So I think it is time to plan in earnest for a sea-level canal. Such ;i canal vili be
more modern, more econormical, and will be far easier to defend. It will be fre., of
complex, costly, vulnerable locks and sea-ways. It will serve the future as the
Panama Canal we know tias sered the past and the present."

When President Richard M. Nixon took office in January 1969, he retained the
originally appointed Commission and requested it to continue the investigation to itS.i
completion.

The Commission has beln guided in its investigation by numerous earlier canal studies.
The most recent of thes.% wre:

The 1947 study conducted hy the Governor of the Panama Canal.
The 1960 study by the House Cýmmittc.. on Merchant Marine and Fisheries.
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- The 1960 and 1964 studies by the Panama Canal Company.
These earlier studies eval'iated all potential canal routes across Central America and thus
enabled the Commission to concentrate its efforts on the most promising ones.

Canal Treaties
The Commission has had no rokt in the treaty negol:iations with Panama conducted by

its Chairman, Robert B. Anderson, in his separate capacity as Special Representative of the
United States for United States-Panama Relations.

The Commission assumed at the outset of its studies ii,at construction of any sea-level
canal would require new treaty arrangements between the United States and the host
country. Existing treaties with Panama and Nicaragua do not provide authority for
construction of a sea-level canal in either country, and no existing treaties provide the
United States canal rights in Costa Rica or Colombia. In addition, no treaty in force
provides for multinational participation in canal finance or management.

During the first 2 years of the Commission's investigation, treaty negotiations with
the Republic of Panama were in p;ogress. In June 1967, the negotiators reached agreement
on arafts of three new treaties to replace the Treaty of 1903 - one for the continued
operation of the existing canal, another for United States rights to build and operate a
sea-level canal in Panama, and a third for canal defense. However, neither Government
initiated ratification procedures thereafter, and in 1970 the Government of Panama
announced its rejection of the draft treaties. In both countries new administrations have
replaced those in office when the draft treaties were developed. The drafts have no legal
status; they represent only the U.Wited States and Panamanian negotiators' judgments in
1967 of what might have been acceptable to their respective Governments at that time.
However, the Co-mmission has been mindful of relevant provisions of the draft treaties in its
consideration of possible future tre.aty arrangements that would bear upon the feasibility of
a sea-level canal in Panama.

Selection of Alternatives for Evaluation
In October 1962, the Secretary of the Army formed a Technical Steering Committee to

ii,:view prior studies and to develop a new canal study plan for presentation to the Congress.
The sea-level cana! routes recommended in this plan were selected from those found most
promising in the 1947 stidy conducted by the Governor of the Panama Canal which
identified 30 potential routes and assigncg •hem numbers that have been used in all
subsequent studies (Figure 2). Those recommended for investigation in the plan proposed to
the Congress by the Secretary of the Army, with consideration of the potetitial of nucieca
excavation, were

- Route 8 in Nicaragua and Costa Rica for a sea-level canai constructed primarily by
nuclear excavation.

- Route 14 in the Canal Zone for conversion of the present lock canal to sea level by
conventional construction methods.

- Route 17 in Panama for a sei-level canal :onstructeu primarily by nuclear
excavation.

- Route 25 in Colombia for a sea-level canal constructed by a .ombination of nuclear
and conventional excavation methods.
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The Congress authorized the new canal study on September 22, 1964. The original
legislation contemplated investigation of these four routes and authorized funds for field
surveys only of Routes 17 and 25. Data available from previous studies were believed to be
adequate for evaluations of Routes 8 and 14.

When the Commission was appointed in April 1965, it requested the Secretary of State,
the Secretary of the Army, and the Chairman of the Atomic Energy Commission to serve as
its Advisory Council. Interdepartmental study groups were then organized to conduct
studies under the Commission's direction as follows:

Study of Freign Policy Considerations
- Study of National Defense Aspects.

Study of Canal Finance.
- Study of Interoceanic and Intercoasta! Shipping.
- Study of Engineering Feasibility (directed by the Chief of Engineers, United States

Army, in coordination with the Atomic Energy Commission and the Panama Canal
Company).

- Study of Public Information Requirements
(subsequently combined with the Study of Foreign Policy Considerations).

The study groups included representation from all government agencies with significant
interests in an Isthmrmai canal. They also used private conmtract agencies for supporting
technical studies.

The Commission employed a panel of eminent private consultants which it
designated as its Technic,. Associates for Geology, Slope Stability, and Foundations. These
specialists provided technical advice directly to the Commission on engineering matters and
were also made available to the Commission's Engineering Agent to advise and assist him in
the conduct of the Study of Engineering Feasibility.

At the outset of its studies, the Commission approved investigation of the four routes
recomm.mded to the Congress by the Secretai-y of the Army. A few months later the
Commission directed its Engineering Agent to update earlier cost estimates for improve-
ments to the existhng lock canal and for construction of a new lock canal in Nicaragua; these
estimates were needtad to permit comparisons with the alternative sea-level canals in terms of
capacities and construction, operation, and maintenance costs.

As the engineering study of Route 14 progressed it became appa•mnt that an alternate
route nearK,,, one that did not interfere with the existing canal, might be preferable.
Consequently, in June 1966 Route 10 was added to the routes under consideration. The
Congress subsequently provided additionar funds for a limited field investigation of this
route.

As the geelogical drilling piogi-am on Route 17 progressed, it became apparent that there
was little possibility that nuc!ear means could be used for excavation of approximately
one-third of the route. Hence, the plan for evaluation of this route was revised late in 1967
to provide for excavation of approximately 20 miles of its length by conventional methods.

In 1969 the Government of Colombia informally proposed a joint U.S.-Colombian-

Panamanian investigation of Route 23. The Commission advised Colombian representatives
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that the route did not appear to be competitive with routes already tinder consideration but
agreed to include in its final report an analysis of it based upon available data.

ILable I lists all the routes given specific consideration in the course of the
Corprrission's investigation. A detailed discussion of the selection of these routes is
contained in Annex V, Study of Engineering Feasibility.

TABLE 1

CANAL ROUTES SELECTED FOR COMMISSION INVESTIGATION

Type of Canal/
Route No. Route Name Country Excavation Method Basis of Evaluation

5 San Juan del Nicaragua and Lock/Conventional Available data
Norte-Brito Costa Rica

8 San Juan del Nicaragua and Sea-Level/Conventional Avail3ble data
Norte-Salinas Bay Costa Rica or Nuclear

10 Chorrera-Lagarto Panama Sea-Level/Conventional Available data augmented by
geological investigations

14- Panama Canal Canal Zone Sea-Level/Conventional Available data dugmented by
Combined Sea-Level geological investigations

Conversion
14- Panama Canal Canal Zone Sea-Level/Conventional Available data augmented by
Separate Sea-Level geological investigations

Conversion
15 Panama Canal Canal Zone Lock/Conventional Available datu
17 Sasardi-Morti Panama Sea-Level/Conventional Comprehensive on-site survey

and Nuclear Combination
23 Atrato-Tuira Colombia and Sea-Level/Conventional Available data augmented by

Danama or partially Nuclear data from surveys on Routes
17 and 25.

25 Atrato-Truando Colombia Sea-Level/Conventional Comprehensive on-site survey
and Nuclear Combination

5
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CHAPTER II

ISTHMIAN CANAL INTERESTS OF THE
UNITED STATES AND OTHER NATIONS

The United States entered the Isthmus of Panama in 1903 to b&I'i"; a canal to serve
world commerce and contribute significantly to lae national security of the United States.
In the, years since its opening in August 1914, the Panama Canal has p ayed a major role in
the defense of the United States and its value as an international public uti1ity serving ocean
trade has increased dramatically.

Although less than 5 per cent of canal tornages in recent years has been Uniteo States
intercoastal trade and although most merchant ships now using the Panama Canal are ,'ot of
United States registry, approximately 70 per cent of all canal cargoes either originate in c-
are destined for the United States. More than 40 per cent of the ocean trade of tle Pacific
Coast countries of South America passes through the canal. Japan. Canida, Venezuela, and
Chile are major users, and almost every country in the world has sorme trade on the canal
routes.

The policy of the United States has been to operate the Panama Canal on a non-profit
basis for the benefit of all users. No specific effort has been made to amortize the United
States investment in the canal. With the exception of a few small repayments to the
Treasury, revenues in excess of operating and interest costs have been devoted to capital
improvements.

The initial investment of $387 million was too great to be amortized by reasonable tolls
during the canal's early years. Tolls were set at 90 cents per measurement ton (100 cubic
feet of cargo space) for laden vessels, 72 cents per measurement tu, for vessels in ballast,
and 50 cents per displacement ton for warships and other non-cargo vessels. From
1914 to 1951 the canal was maintained and operated by annual appropriations from the
United States Treasury, while annual receipts were returned to the Treasury. Not until after
World War II did revenues approach operating costs. In 1951 the Panama Canal Company
was organized as a United States Government corporation under legislation which permitted
continuation of the previously established toE levels but authorized increases when needed
to meet operating costs, interest on the unamortized investment, and a proportionate share
of the cost of the Canal Zone Government. In irrivi~ag at the interest-bearing debt' of the
Company the Congress set it at a minimum to lessen the interest burden on toll revenues.
All capital costs that reasonably could b- attribu-ed to defense or other activities not
required for ship tr.ansits weae written off. No provision was made for payment of the

*The Panama Canal Company's interest-bearing debt was establisne& in 1951 at $373 million. (See Pub!ic Law 841, 81st

Congress, September 26, 1950, 64 Stat. 1041; Hearings before the Subcommittee on the Panama Canal of the Committee
on Merchant Marine and Fisheries, House of Representatives, on YI.R. 8677, 81st Congress, June 26-28, 1950; Hearing

before the Committee on Armed Services, United States Senate, oji H.R. 8677, 81st Congress, September 7. 1 )50.) As of

June 30, 1970 it had been reduced by write-offs and repayments to $317 million. As of this sane date the total
unrecovere I United States investnent in the canal, including unpaid interest accrued since 1903, was estimated by the
Company to be $700 million, excluding defense costs.

Preceding page blank
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Culebra Cut, the deepest excavation of the Panama Canal, June 1913

FIGURE 3

interest obligat;on which had accumulated prior to the creation of the Company, and the
formula prescribed for calculating the interest rate on the debt was designed to keep current
interest payments low. The legislation creating the Company did not permit it to increase
tolls for the purpose of amortizing its debts.

Since 1951 the Congress has continued to confirm its intent to maintain low tolls.
When the canal annuity to Panama was increased $1.5 million by treaty agreement in 1955
the Congress stipulated that the increase be paid through an appropriation to the
Department of State. This arrangement continues today; only $430,000 of the $1,930,000
annuity is included as a cost of canal operation. Hence, meeting the legally established
payment objectives of the Panama Canal Company has not required an increase in the toll
rates set in 1914.

Interests of the United States
The objectives of the United States in an Isthmian canal are:

That it always be available to the world's vessels on an equal basis and at reasonable
tolls,
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- That it serve its users efficiently, and
- That the United States have unimpaired rights to defend the canal from any threat

and to keep it open in any circum'stances, peace or war.

National Security
The present Panama Canal plays an important role in thc United States national

defense; this is analyzed in Annex II, Study of National Defense Aspects. In World War II
(1941-1945), United States Government vessels made 20,276 transits, and 24 million tons
of military supplie- passed througn the canal. During the Korean War (1951-1954), United
States Government vessels made 3,331 transits, and 12 million tons of supplies went
through. It played an important role in the deployment of naval vessels during the Cuban
crisis in 1962, and currently a large portion of the military vessels and military supplies
bound for Vietnam passes, through the canal.

Closure of the Panama Canal in wartime would have the same effect on United States
military capabilities as the loss of a large number of ships. Many additional ships would be
needed to support military operations effectively via alternate routes, particularly
operations in the Pacific area. The canal's major military importance is in the logistic
support of combat forces overseas; internal United "tates transportation systems and port
complexes could be severely burdened in wartime if cargo movements had to be diverted
from canal routes. In an emergency, combat vessels can be deployed between the oceans by
other routes, but the capacities of available shipping, ports, and domestic transportation
cannot be quickly augmented to compensate for canal closure.

Panama has neither sufficient military strength to defend the Panama Canal nor the
capability of developing such strength. The presence of United States forces is essential for
the security of the canal. This limited role of the United States forces in the Canal Zone has
created no great difficulties with Panama. The defense of the canal, however, is an integral
part of the defense of the Americas; Panamanian Governments in the past have expressed
objections to the planning and execution of hemisphere defense activities from Zone bases.

The existing Panama Canal is vulnerable to many forms of attack, even though
extensive protective measures have been taken to strengthen the dams holding its water
supply, to double-gate the canal locks, and to guard its power sources. Drainage of Gatun
Lake is the greatest danger. A guerrilla ra.d on the locks or dams or the demolition of a
shipload of explosives in the locks could result in the loss of stored water that could take as
long as 2 years to replace. Shorter term interruptions could readily be created by sabotage
of power supplies and lock machinery, by scuttling ships in the locks or channel, or by
harrassment by fire on ships in transit. Considering its vulnerabilities, little comfort can be
drawn from the fact that no interruption of canal operations by hostile forces has occurred.
for no military or guerrilla attack on the canal has yet been attempted. The United States
must have a secure Isthmian canal, and its defense can best be accomplished in conjunction
with defense of the surrounding area at great distances from the canal itself.

Although it could not be put in operation for many years to come, a sea-level canal
acruc; the American Isthmus would increase the security of the United States and other
countries in the Western Hemisphere. It would be much less vulnerable to interruptions and
hence easier to defend. The current weaknesses of locks and power and water supply would

9



The United States Navy Aircraft Carrier CONSTELLATION passing under the Thatcher Ferry Bridge over the Panama
Canal. This carrier, with a 250-foot wide flight deck, is too wide to pass through the 1 10-foot wide locks of the present
canal.

FIGURE 4

not exist. Blockages by scuttled ships or bomb-induced slides could be removed relatively
quickly and the possibility is remote that it could be closed for long periods by hostile
action.

Canal Treaties
The principal treaties bearing upon United States canal rights and obligations on the

American Isthmus are:
- The Gadsden Treaty of 1853 with Mexico which guaranteed to the United States

fi'eedom of transit acrors the Isthmus of Tehuantepec should any means of transit
be constructed there.

- The Hay-Pauncefote Treaty of 1901 with Great Britain which cancelled an earlier

agreement with Britain that the United States would not fortify any canal across
the Isthmus and provided that the United States could alone build, operate, and
protect the Isthmian canal, provided it wis neutral and open to the world's vessels
on an equal basis.
The Hay-fterran Treaty of 1903 witth Colombia (never ratified) which would have
gven the United States the right to construct a canal in the Province of Panama.
Failure of the Colombian Government to ratify this treaty led to the creation of
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the Republic of Panama, and signature of the Hay-Bunau Varilla Treaty of 1903
with Panama.
The Hay-Bunau Varilla Treaty of 1903 with Panama which gave the United States
in perpetuity the exclusive right to build and operate a canal across Panamanian
territory and all the rights as if sovereign in the Canal Zone.

- The Bryan-Chamorro Treaty of 1914 with Nicaragua (now in process of being
abrogated) which gave the United States the right in perpetuity tc construct an
interoceanic canal across Nicaraguan territory.

- The Thompson-Urrutia Treaty of 1914 (ratified in 1922) with Colombia which
gave to Colombia the right of toll-free passage of the Panama Canal for het
government-owned vessels.

- The 1936 and 1955 treaties with Panama which relinquished some United States
rights acquired in 1903 and provided additional benefits for Panama but did not
fundamentally change the 1903 Treaty relationship.

Treaty Negotiations, 1964-1967
The draft three-treaty package developed by United States and Panamanian negotiators

between 1964 and 1967, never signed or ratified, and rejected by the Government of
Panama in 1970, contained these major provisions:

- The fPrst of the proposed treaties, that for the continued operation of the present
canal, would have abrogated the Treaty of 1903 and provided for: (a) recognition
of Panamanian sovereignty and the sharing of jurisdiction in the canal area, '(b)
operation of the canal by a joint authority consisting of five United States citizens
and four Panamanian citizens, (c) royalty payments to Panama rising from 17 cents
to 22 cents per long ton of cargo through the canal, and (d) exclusive possession of
the canal by Panama in 1999 if no new canal were constructed or shortly after the
opening date of a sea-level canal, but no later than 2009, if one were built.
The second, for a sea-level canal, would have granted the United States an option
for 20 years after ratification to start constructing a sea-level canal in Panama, 15
more years for its construction, and United States majority membership in the
contiolling authotity for 60 years after the opening date or until 2067, whichever
was earlier. It would nave required additional agreements on the location, method
of construction, and financial arrangements for a sea-level canal, these matters to be
negotiated when the United States decided' to execute its option.

- The third, for the Unitt I States military bases in Panama, would have provided for
their continued use by United States forces 5 years beyond the termination date of
the proposed treaty for the continued operation of the existing canal. If the United
States constructed a sea-level canal in Panama, the base rights treaty would have
been exte!1ded for the duration of the treaty for the new canal.

Interests of the Canal-Site Countries

Panama
The Treaty of 1903 with Panama for the construction and operation of the Panama

Canal granted to the United States in perpetuity all of the rights as if sovereign in a I0-mile-
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wide zc:ie across the Isthmus, to the entire exclusion of the uxercise of such rights by the
Republic of Panama. The Republic of Panama has sought since 1903 to terminate the
sovereignty and perpetuity clauses of the treaty, to increase her participation in th-
employm",t and financial benefits deriving from the canal, and to reduce both the
substa;I : and the appearance of United States control of Panamanian territory. The treaties
of 1936 and 1955 made limited concessions to Panama, but were short of meeting
Panamanian aspirations.

Panama has indicated in past treaty negotiations that she considers her fundamental
interests in any canal across her territory to be:

- That it be operated and defended with full recognition of the sovereignty of the
Government of Panama.

- That Panama obtain the maximum possible revenues from the canal in direct
payments and through Panamanian employment and sales of goods and services in
the canal enterprise.

- That Panama eventually become sole owner and operator of the canal.
The differing canal objectives of the United States and Panama have continued to

impair tranquil relations. Destructive riots took place along the Canal Zone border in 1959
and in 1964. New treaty negotiations, begun in 1964 and as yet unfiaished, have as their
goal the reconciliation of the interests of both countries in a lasting agreement.

There are many constraints upon the United States in meeting Panamanian asptrations,
but the United States has demonstrated, in the treaties of 1936 and 1955 and in negotiating
the 1967 draft treaties, a sincere desire to go as far as it can without jeopardy to its own
canal objectives.

The existing lock canal requir,,-s a large staff of skilled ,perating personnel, and its
defense requires substantial military forces. The Canal Zone provides a United States
standard of living for the 4,000 United Statei citizen employees of the canal, mostly
executives and skilled craftsmen. The Zone military bases provide similar living standards for
13,500 military and civilian personnel. These canal and military personnel are accompanied
by approximately 20,500 dependents. This results in some 38,000 United States citizens
living in an enclave extending across the middle of the Republic of Panama.

The living conditions provided by the Canal Zone were needed in the past to attract and
retain skilled employees, but modern Panama's economy could provide hcousing and
commercial services equivalent to those of the present Canal Zone. Panama's caaability of
providing skilled personnel is steadily increasing, and the Panama Canal Company iia,; for
some years niaintained training programs for its Panamanian employees. Consequently,
skilled employee positions are increasingly being filled by Panamanian citizens. An
employee phase down in a change over to a sea-level canal would hasten the elimination of
what is now deemed by Panamanians to be discrimination in lavor of United States citizens
in canal employment. These prospects offer means for reducing or eliminatii.g several
politically sensitive elements in the current situation.

The Panama Canal and its associated United States military bases provide a major
portion of the economic lifeblood -f Panama. Although Panama's dire(.t annual compensa-
tion is slightly less than $2 million, more than $10C million v:ach year is paid to
Panamanians for goods and services supplied to the Canal Zz'x•. Panama's economy is
growing more rapidly than the economies of other Latin American countries. Canal
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operations and defense are expected to continue to be the basis for about two-thirds of her
foreign exchange earnings and one-third of her total economic activity, at least during the
remainder of this century.

A United States decision to construct a sea-level canal in another country would be an
economic catastrophe for Panama. The potential effects are analyzed in Chapter VII,
Analysis of Alternatives.

Colombia
The econ~omy of Colombia is larger and more broadly based than that of Panama.

Colombia's population is more than 10 times greater, and her metropolitan centers a e far
removed from Route 25. A sea-level canal constructed in Co!P"h-bia would be, at least
initially, remote from public view and its economic impact would be favorable, although
relatively small.

Formal negotiations ior sea-level canal treaty arrangements with Colombia have not
taken place. Informal discussions by members of the Commission with her representatives
and public statements by her officials indicate that a r:reaty ,iving the United States
effective control of a canal on Colombian territory might be unobtainable in the foreseeable
future, and that United States military forces for canal defense could not be stationed in

The Canal Zone town of Balboa at the Pacific end of the canal

FIGURE 5
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Colombia. Colombia's representatives acknowledged that construction of a new canal
wholly on Colombian territory could be destructive to the economy of Panama; hence, they
indicated that any canal arrangement involving Colombia would have to contribute to
regional c-operation ar.d not be a source of friction with her neighbors. The Government of
Colombia did erpress willingness to cooperate with the United States and Panama in
investigating the feasibility of multilateral finance, control, and defense of a canal on Route
23 traversing the territories of both Panama and Colombia.

Nicaragua-Costa Rica
United States relations with Nicaragua and Costa Rica have traditionally been friendly.

The Bryan-Chamorro Treaty of 1914 established United States rights to build a canal in
Nicaragua, subject to further agreement upon detailed ternms for ts construction and
operation. Plans for ab,1 ,gation of this treaty were initiated early in i970, but new treaty
terms attractive to the United States probably would be aitainable for a sea-level canal on
Route 8, generally along the border between Nicaragua and Costa Rica.

Interests of Canal Users
As peviously indicated, the present Panama Canal plays an important role in the

economic life of some dozen nations and is used in lesser degrees by most other nations of
the world. Although the United Statfs is the largest user of the Panama Canal, its economic
importance is greater to several smaller countries, particularly those of the Pacific Coast of
South America. Table 2 compa;es the exports and imports through the canal for various
countries in relation to their total ocean trade as a measure of its importance to each. The
United States' 15.8 per cent is exceeded by the proportions of 10 other countries whose
ecoaomies are vitally linked witl- the canal.

A recent informal opinion survey of Panama Canal users by United States embassies
found general satisfaction with operation of the present canal by the United States. The
survey also indicated that the maritime nations of the world assume that the United States
will continue to provide an adequate interoceanic passage.
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TABLE 2

PANAMA CANAL USERS, FiSCAL YEAR 19691

Long Tons of Commercial Cargo Per Cent of Country's
Country Origin Destination Total Oceanborne Trade

United States 44,010,410 27,618,123 15.8
(U.S. I ntercoastal) (3,851,326) (3,0551,326)

Japan 7,396,528 33,558,400 11.7
Canada 7,280,101 2,335,207 7.5
Venezuela 8,528,294 704,973 4.7
Chile 3,325,839 4,063,013 39.6
Peru 4,678,162 1,768,126 39.0
United Kingdom 979,589 3,362,642 2.0
Netherlands West

Indies 3,720,671 113,646 4.5
Netherlands 470,062 2,737,548 1.7
Australia 1,668,788 1,367;957 4.1
West Germany 790,825 2,085,378 2.6
Ecuador 969,258 1,215,417 72A
Philippine Islands 1,534,594 545,703 8.3
New Zealand 1,309,822 702,091 17.6
South Korea 252,799 1,672,353 12.2
Colombia 1,061,716 611,011 22.2
Cuba 1,084,094 479,554 9.8
Panama 1.229,607 331,358 31.5
Canal Zone 17,165 1,436,424
Mexico 677,417 758,039 12.8
Belgium 706,125 794,153 1.9
France 334,326 941,959 0.9
Italy 185,766 1,032,032 0.6
Formosa 307,414 823,642 8.9
FI Salvador 207,868 870,014 68.1
Poland 843,564 75,297 2.9
Trinidaa/Tobago 680,661 108,642 2.3
South Vietnam . 772,063 10.2
Nicaragua 166,80! 494,675 55.1
Bra~il 387,816 ?20,668 1.3
Puerto Ric3 100,397 514,360

(Continued on fol~owing page)

'Countries are ranked in accordance with total of origin and destination cargoes in Fiscal
Year 1969. Canal per cent of country's total oceanborne trade is based upon d,-ta
contained in the United Nations Statistical Yearbook, 1970.
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TABLE 2 (Cont'd)

PANAMA CANAL USERS, FISCAL YEAR 19691

Long Tons of Commercial Cargo Per Cent of Country's
Country Origin Destination Total Oceanborne Trade

Spain/Portugal 108,216 452,971 0.8
Jamacia 427,746 113,646 4.0
China 343,290 192,271 2.5
Costa Rica 276,139 237,150 30.9
Guatemala 74,396 407,349 30.9
I ndonesia 66,578 413,416 1.8
Hong Kong 193,990 230,662 3.7
East Germany 355,160 48,179 4.2
French Oceania 130,498 246,157
Sweden 164,508 195,267 0.5
British Oceania 319,320 38,007
British '•ast Indies 188,277 122,919
Netherlands Guiana 288,765
Honduras 210,642 20,602 13.6
USSR 187,477 32,731 0.2
Thailand 68,656 151,272 1.7
North Korea 57,493 127,350 12.1
Denmark 52,777 128,345 0.6
West Indies

Associated States 134,371 40,023
Norway 103,574 66,836 0.3
Finland 158,050 0.6
Guyana 140,418 2.8
Yugoslavia 11,491 128,840 1.1
Argentina 36,886 56,355 0.5
South Africa 92,317 0.4
Irish Republic 75,831 0.7
Haiti and Dominican

Republic 10,004 59,844 1.6
Rumania 62,667 0.9
Israel 56,452 0.9
Libya 40,278
Greece 32,423 0.2
Lebanon - 26,380 0.1
Morocco 12,995 0.1
Mozambique 10,100 0.1
British Honduras 1,636 0.8
A1; Others 2,311,328 3,1e•9,726 0.8

TOTA L 101,391,132 101,391,132
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CHAPTER III

POTENTIAL CANAL TRAFFIC AND REVENUES

Canal traffic forecasts are required to determine (a) when the present canal will become
incapable of meeting estimated demand for transits and (b) whether a new sea-level canal
could be financed from toil revenues. Legislation authorizing a sea-level canal, and the
subsequent detailed planning and construction, would require approximately 15 years, and
60 years or more thereafter might be required for amortization. Tais period of 75 years into
the future is excessive for economic forecasting; hence, the estimates of potential canal
traffic and revenues described herein of necessity incorporate assumptions and judgments.

Previous Canal Traffic Forecasts
Many forecasts have been made of traffic through the Panama Canal. Figure 6 compares

actual Panama Canal experience with forecasts by Hans Kramer in 1927; Norman Padelford
in 1944; Roland Kramer in 1947; Stanford Research Institute in 1958, 1964 and 1967; and
Gardner Ackley in 1961. These forecasts have almost without exception soon been
exceeded by the traffic which subsequently developed. As the forecast periods became
history, unforeseen new commodity movements appeared in ever-increasing proportions of
the total tonnages passing through the canal.

The Economic Research Associates, Inc., Forecast
The Shipping Study Group, in its report to the Commission, did not estimate future

traffic through the existing canal; it limited its considerations to the potential traffic
through an unrestricted canal. However, early in 1970 a traffic forecast through 1985 for
the present canal was independently developed by Economic Research, Associates, Inc.
(ERA) under a contract with the Panama Canal Company (Figure 7). It arrived at a
projection of potential canal traffic essentially the same for the 1970-1985 period as in thc
Commission's forecasts, described later "n this chapter, produced by a different method-
oLogy. ERA also forecast the division of potential traffic between the present canal and
alternate routes. As will be shown later in this Chapter, the ERA forecast proides a logical
basis for estimating the saturation date of the present canal if no sea-level canal is built.*

Capaicity of the Present Canal
The average amount of commercial cargo per ship transiting the Panama Canal increased

slowly from approximately 4,000 to 5,500 long tons from 1920 to 1960. During the past ten
years, however, there was a rapid increase: 6,470 long tons per transit in 1965; 7,710 long
tons per transit in 1969; and 8,366 long tons per transit in 1970. The average amount of
cargo per ship passing through the Panama Canal in future years will certainly not lessen; it

*Saturation date is the year in which the number of transits through the canal reaches the maximum number that can be
passed through the locks, estimated to be 26,800 per year.
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should continue to ;ncrcase as more and more intermediate s)zed tankers and large bulk
carriers are used to carry crude oil and petroleum products and dry bulk commodities
through the Panama Canal. The indications from this 10-year t"end are that the average will
be 9,500 long tons per ship by the time traffic reaches 150 mihion iong tons of cargo per
year, and at least 12,000 tons per transit when 250 million tons of commercial cargo per
year are carried through the Panama Canal.

The numbers of commercial transits of an i'nteroceanic canal with respect to the
amount of commercial cargo in the future, as variously estimated, are shown in Table 3.

TABLE 3

COMMERCIAL OCEAN TRANSITS OF AN ISTHMIAN CANAL
RELATIVE TO COMMERCIAL OCEAN CARGO IN YEAR

Anni;ai Shipping Study Report'
Cargo Transited 46 Per Cent 25 Per Cent

(Millions Of Tonnages Of Tonnages ERA Historical
of Long Tons) In Freighters In Freighters Report Trend

111 14,700 14,700 13,500 13,500
125 15,800 15,100 14,000 14,400
150 18,300 16,500 16,100 15,900
173 20,500 18,000 17,300
200 22,900 19,300 18,700
225 25,000 20,700 20,000
250 21,900 21,400
300 23,600 24,200
350 25,500

'Annex IV, Study of Interoceanic and Intercoastal Shipping, transit data are related to
forecasts of total potential tonnage, including all categories of traffic that transit the
Panama Canal. This table relates to commercial ocean traffic only.

The a•iama Canal Company has determined that 26,800 transits per year of all
classifications could be accommodated by completion of improvements now underway and
by augrientatior, of the water supply for lock operation. There generally have been less
than 1,500 noncommercial transits per year, althongh the total did exceed 2,000 in the
years of United States miltary actions in Asia. The effective transit capacity of the existing
Panama Canal may thus be taken to be 25,000 commercial cargo ships per year. The
corres~onding upper limit of capacity of the Panama Canal, expressed in long tons of
commercial cargo per year, has been estimated by the Shipping Study Group to be:

-Forecast assuming 46 percent of tonnages
moving in freighters and an average
of 8,800 tons per transit: 220 million long tons
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-Forecast assuming 25 percent of tonnages
moving in freighters and an average
of 12,400 tons per transit: 310 million long tons

If the average size of the ships transiting the Panama Canal continues to increase at the rate
that has prevailed for the past 10 years, the capacity at the saturation level will be at least
300 million long tons per year.

It may be inferred from estimates of probable bypass traffic during the next 15 years
that the demand on the Panama Canal (if it is not superseded) will be approximately 50
million tons less in the year 2000 than the traffic that would pass through an unrestricted
canal. The corresponding demand on the Panama Canal would thus be approximately 300
million long tons in the year 2000 if the potential forecast of the Commission were realized
or 200 million long tons if its low forecast prevails. These estimates are consistent with the
Shipping Study Group analysis of the economics of alternatives of the existing canal (Annex
IV).

It is apparent from this analysis of its capacity and the projections of future demand
that the Panama Canal can accommodate the demand for transits by ships of the size that
can pass the existing locks for at least 20 years and morc probably to the end of this
century.

Forecast of World Trade Growth
A 1968 study of world oceanborne trade by Litton Systems, Inc. forecast that the

growth of aggregate ocean cargo tonnages would slow from the current 7.2 per cent ailnual
rate to around 4 per cent by the end of the century and ,uld continue to grow thereafter
at approximately that rate. For the past 20 years the Panaina Canal portion of total cargoes
moving in ocean trade each year has been consistent, varying less than one percentage point
above or below 5.1 per cent of the total. A forecast based upon this relationship, using the
Litton forecast of world trade, would justify high expectations for a sea-level canal.
However, a projection of potential canal traffic growth into the future at the exponential
rates of the Litton Study reaches economically questionable levels toward the end of the
century and unrealistic levels thereafter.

The Commission's Forecasts
The traffic growth pattern of the Panama Canal (Figure 6) shows a rapid increase in the

years immediately after its opening in Fiscal Year 1915 followed by a levelling off to
insignificant growth during the depression and war years from 1929 to 1945. Since World
War II, however, there has been sustained growth, and there are no indications of a marked
decline in this giowth in the near future. The data are given in detail in Table I' of Annex
IV and are summarized in Table 4 of this report. Much of the rapid increase in Panama
Canal traffic in recent years stemmed from trade with Japan, as shown in Table 5.

Two long-range forecasts of traffic through a non-restricted Isthmian canal, made by
the Shipping Study Group, are given in Table 6 and shown graphically in Figure 8. The
forecast of potential canal tonnages recommended to the Commission was in essence a
summation of separate estimates of canal traffic originating in 15 different regions, based in
each case on the historical relationship between such traffic and the respective Gross
Regional Product (GRP) and on extrapolation of that GRP through the year 2000. This
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TABLE 4

GROWTH OF PANAMA CANAL TRAFFIC

Total Transits Commercial Ocean Transits

Fiscal Cargo Cargo
Year Number Million Tons Number Million Tons

1915 1,108 4.9 1.058 4.9
1920 2,777 9.7 2,393 9.4
1925 5,174 24.2 4,592 24.0
1930 6,875 30.2 6,027 30.0
1935 6,369 25.4 5,180 25.3
1940 6,945 27.5 5,370 27.3
1945 8,866 19.4 1,939 8.6
1950 7,694 30.4 5,448 28.9
1955 9,811 41.5 7,997 40.6
1960 12,147 60.4 10,795 59.3
'965 12,918 78.9 11,834 76.6
1970 15,523 118.9 13,658 114.3

TABLE 5

INFLUENCE OF JAPAN TRADE
Millions of Long Tons

Total Commercial
Year Cargo in Year Japan Trade Other Cargo

1956 45.1 7.2 37.9
1957 49.7 10.2 39.5
1958 48.1 8.5 39.6
1959 51.2 9.1 42.1
1960 59.3 12.2 41.1
1961 63.7 15.3 48.4
1962 67.5 17.8 49.7
1963 62.2 15.4 468
1964 70.6 19.8 50.8
19 1'J 76.6 21.4 55.2
1966 81.7 24.5 57.2
1967 86.2 28.9 57.3
1968 96.5 38.1 58.4
1969 101.4 41.0 60.4
1970 114.3 51.4 629
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TABLE 6

CARGO TONNAGE FORECASTS FOR AN
UNRESTRICTED ISTHMIAN CAINAL

Millions of Long Tons Per Year Including
Allowances for Non-Commercial Traffic

Fiscal Potential Tonnage Forecast Low Tonnage Forecast
Year

1975 125 141
1980 157 171
1985 194 197
1990 239 218
1995 293 237
2000 357 254
2005 429 272
2010 503 290
2015 577 307
2020 613 325
2025 /00 344
2030 743 363
2035 770 383
2040 778 403

forecast was accepted by the Commission for planning purposes. The other forecast was
deveioped by isolating the traffic to and from Japan from oth.er commercial traffic and then
makin, separate forecasts for Japan trade and for the remainder of all potemtial traffic. The
Commission accepted this lower forecast for evaluation of the financial risk that could stem
from construction of a sea-level canal.

Ship Sizes and Potentia, -anal Transits
The Panama Cnal satisfied all demands for ,hippin- between the Atlantic and the

Pacific Oceans from the start of operations in August 19'4 until recent years when very
large tankers and bulk carriers began to be bu:lt. n 1970 there were approximately 1300
such ships afloat and under construction or on order vhich could not pass through the
existing locks auder aiiy circumstances because of beam width and approximately 1750
others that could not pass through fully laden at all tinmes because of draft limitations. All of
the former and most of the latter are now being used, or will be used, on trade routes that
do not involve the Panama Canal, such as shipments of petroleum from thc Middle East to
Europe and iron ore from Australia to Japan. On the other hand, if it were not for the
physical limitations of the Panama Canal, some of these bulk carriers would undoubtedly be
used on canal routes. Distinction must therefore be made between the traffic that the
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Panama Canal will be called upon to handle and the poten,,al traffic that an unrestricted
sea-level canal might attract.

The dimensions of the existing locks of the Panama Canal preclude the pas3age of ships
larger than 65,000 deadweight ,Lns* (DWT) when fully laden. This size limitation and the
time required for passage of ships through the locks now impose few restraints on free
movement of oceanborne commerce, but both will become progressively more restrictive as
the average size of the ships and the number of transits increase. Few general cargo vessels
are likely to be built that could not pass through the present cartl. Approximately I per
cent of the bulk carriers now in service are larger than 65,000 DWT, but by the year 2000
about 10 per cent are expected to be. Only 7 per cent of the tankers now afloat cannot
transit the Panama Canal, but it is predicted that within 30 years inore than half of the
tankers in the world fleet will be too large to do so. Table 7, developed by the Commission's
Shipping Study Group, lists the projected average sizes of ships that wr uld use a future
Isthmian canal, considering a range of maximum size ships to be accommodated.

TABLE 7

AVERAGE DWT PROJECTIONS

Maximum
Ship Type Ship Size 1970 1980 1990 2000 2020 2040

Freighter All Limits 10,800 11,500 12,200 13,000' 14,600 16,500

Bulker 65,000 27,800 33,900 39,800 44,400 "8,800 52,000
100,000 28,000 35,900 43,000 50,000 61,500 69,000
150,300 28,000 36,000 43,700 51,600' 65,800 81,000
200,000 28,000 36,200 44,100 52,000 67,000 84,000
250,000 28,000 36,200 44,100 52,200 67,200 85,000

Tanker 65,000 19,200 27,700 33,0130 36,000 37,000 37,000
100,000 20,000 31,800 41,600 49,200 54,306 56,300
150,000 20,100 33,000 44,800 55.000' 66,600 74,600
200,003 20,100 33,300 45,500 5C6,61600 71,000 83,200
250ý000 20,100 33,300 46,000 57,500 72,?00 87,200

Example: in a carnl that could accorn-,odate ships up to 150,000 D'WT the average freighter in the, year 2000
would be 13,000 DWT; dry bulkf,, 51,600 DWT; and tanker, 55,000 DWT.

Panama Canal ship mixes and likely variations in canal smiip mixes in the future are
discussed in detail in Annex IV, Study of Intcroceanic and Intercoastal Shipping. in recent
years, freighters have carried 46 per cent of the cargo tonnage, dry bulkers (some also
carried liquid cargo) 37 per cent, and tankers 17 per cent. It is anticipated that the
proportion of freighter tonnage will diminish progressively as moie and more large bulk

LIadweignt tonnage of a ship is its fully laden capacity in long tons (2240 pounds), inmuding cargo, fuel, and stores, but
:xcluding the we.ht of the ship itself.
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I
carriers come into use. Since any specific forecast of transits for many years in the future
would have li"tle reliability, transit lequirements were calculated foc a range of cargo mixes:
a maxinmun of 46 per cent freighter tonnage; a minimum of 23 pei cent of freighter
tonnage. The resulting range of transit possibilities is shown in Table 8. Figure 9 graphically
portrays the range of possible transits for the potential tonnage forecast, used by the
Commission for sea-level canal capacity planning It is probable that future sea-level canal
transits would remain above the middle range during the remainder of this century and fall
into the lower portion in later years.

TABLE 8

PROJECTED SEP.-LEVEL CANAL TRANSITS
(150,000 )WT Maximum Ship Size Capacity)

Pote.aiall Tonnage Forecast Low2 Tonnage Forecast

Year 2000 2020 2040 2000 2020 2040

Tankers 2,252 3,350 3,618 1,602 1,693 1,874

Dry Bulkers 5,652 7,983 7,846 2,565 2,574 2,593

Freighters 16,745 26,854 28,751 21,921 24,975 27,403

Totals 24,649 38,187 40,215 26,088 29,242 31,810

'Assumes most tonnage growth will be in bulk cargoes and current Panama Canal ratio

of 46 per cent of cargo tonnages transiting in freighters will decline to 25 per cent by
2000.

2Assumes uniform growth rate of freighter and bulk cargo tonnages with 46 per cent
of tonnages continuing to transit in freighters through the foerast period.

Estimated Sea-Level Canal Revenues at Current Toll Rates
A car.na capable of accommodating large bulk carriers will attract more bulk cargoes

than the present canal. Therefore, revenue estimates must take cognizance of the piojected
iage of future possibilities" the present Panama Canal cargo mix in which 46 per cent of

tonrages move on freighters, 37 per cent on dry bulk carriers, and 17 per cent on tankers;
and a possible future mix of 25 _r cent freighter cargoes. S8 per cent dry bulk cargoes, and
.7 per cent tanker cargoes. The average revenue per ton of cargo transited on dry bulk
carrie,1 , is the lowest since they usually transit fully laden and have relatively few ballast
transits. The revenue from tankers i i higher bec;ause oi their higher ratio of ballast transiti.
The revenue per ton for freight, ý-. ,s highest; they have tkw ballast transits but usual'y carry
bulky, light cargoes and are often not fully I- den.
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Because the Panama Canal tolls are assessed on the basis of measurement tons (100
cubic feet of cargo capacity), revenues per weight ton of cargo vary widely. The average
revenue per weight ton of cargo passing through the canal during the past 20 yearF has
fluctuated between 80 and 90 cents per long ton of commercial cargo with a trend toward
the higher amount. Continuation of this upward trend of the average toll per cargo ton
carried through the Panama Canal is indicated by the findings in the recent report of the
Economic Research Associates to the Panama Canal Company. This trend would probably
reverse whenever a sea-level canal became available fo) use by ships that cannot pass the
locks of the present canal, because of the relatively low revenue per cargo ton realized from
such ships. Therefore, the average toll per long toy, of commercial cargo that would be
carried through a sea-level canal can be expected. to decrease as the volume of traffic
becomes greater and larger and larger ships ccene into service. A prouable relationship
between such traffic and the average toll is shown in Table 9.

The potential revenues from tolls and toll crodits at these average rates per cargo ton are
shown in Table 10 for the traffic forecast recommended by the Shipping Study Group and
for the lower forecast described in the report of that group. It is assumed, as has been
generally true in the past, that the average toll per cor mercial cargo ton is a fair measure of
toll credit - -f non-commercial transits.

Maximum Sea-Level Canal Toll Revenues
Thlee independent studies of potential revenue from the present canal have been made

in recent years. These are the Arthur D. Little Company Study in 1966 for the United
Nations Special Fund, the Stanford Research Institute's Study in 1967 for the Panama
Canal Company, and the Panama Canal Company's 1970 Study in connection with its
evaluation of the Intergovernmental Maritime Consultative Organization's proposed Uni-
versal Measurement Tonnage System.

The Arthur D. Little Study evaluated the movements of major commodities through
the canal in comparison with shipping costs between the same sources and destinations via
alternate routes. The study concluded that, for the short run, an upward revision of the
present tolls could double or triple gross revenues. However, extensive readjustments would
take place over the long run with loss of much of the potential traffic.

The Stanford Research Institute's (SRI) study involved a judgmental determination of
the responses of commodity movements to toll increase by comparing the estimated costs of
alterna'.,ves to the canal. It concluded that across-the-board increases up to 25 per cent
would have little effect on traffic, but larger increases would discourage traffic growth. A
100 per cent increase would cause iraffic growth to cease entirely and perhaps even cause
traffic to decline. liowever, the study concluded that the maximum revenues could be
obtained over the tu,, run by selective toll increases on a commodity basis, ranging from 25
per cent to 150 per cent.

The findings of the Panama Canal Company's 1970 Study were generally consistent
with thons, ct the SRI Sti.dy. The 1970 Study concluded that maximum toll revenues could
be obtaineoa througih Alective increases averaging approximately 50 per cent. It was
estimnated that this woild produce revenues about 40 per cent greater than would be
producid by continuation of the present system
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TABLE 9

ESTIMATED SEA-LEVEL CANAL REVENUE RELATIVE
TO TOTAL CARGO TONNAGE

$0.90 per Laden Panama Canal Ton
$0.72 per Ballast Panama Canal Ton

Cargo
Millions of Long Toll Revenue

Tons in Year Average Toll Millions of Dollars

200 $0.848 170
300 0.812 244
400 0.777 311
500 0.777 389
600 0.777 466
700 0.777 544
800 0.777 622

TABLE 10

FORECASTS OF SEA-LEVEL CANAL REVENUES

$0.90 Per Laden Panama Canal Ton
$0.72 per Ballast Panama Canal Ton

Potential Tonnage Forecast Low Growth Forecast
Fiscal Year $ Millions $ Millions

1990 205 185
2000 290 215
2010 391 235
2020 500 264
2030 577 282
2040 605 313

It is apparent from these studies that it would be necessary to do away with the present
Panama Canal toll structure to realize the maximum potential revenues in an isthmian canal.
This toll structure, however, which does not discriminate among types of cargo, is
established by law and has the advantages of simplicity of administration, conformity with
systems used in many other canals and ship facilities, and established acceptability to canal
users. Furthermore: this schedule is currently producing revenues adequate to meet
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legislatively established obligations of the Panama Canal Company.
The Commission recognizes that United States law requires public hearings before canal

tolls can be increased and that the views of the Congress, canal users, and others would have
to be considered in setting tolls in a sea-level canal. However, in view of the large capital
investment required for a sea-level canal (or for additional locks for the present canal) and
possible future increases in host-country compensation, the Congress may determine that
higher revenue objectives are warranted. The Commission's study of the potential for toll
...weases and higher revenues was directed to the practical options available. These are set
forth in detail in Annex IV, Study of Interoceanic and Intercoastal Shipping. In general, it
was found that:

1. The A.D. Little Company, the Stanford Research Institute, and the Panama Canal
Company studies oi thie lock canal are applicable to an analysis of the revenue
potential of a sea-kAvel canal.

2. The alternatives to the use of any Isthmian canal place an upper limit on the
charges it can impose for its services. These alternatives include:
a. Alternative ship routing to avoid the canal, and alternative ship sizes in

conju ztion;
b Transithmian pipelines for petroleum and dry bulk materials transported in

4iquid slurry form:
c. Iihe land bridge concept in which rail movement in the United States and

Canada substitutes for canal routing;
d. Air transport; and
e. Substitute sources and markets.

3. The potential bulk commodity traffic of the sea-level canal is very large, but the
alternatives to the canal limit the ability to increase tolls on these commodities
above present Panama Canal tolls.

4. The tolls on other categories of cargo could be increased on a selective basis in
varying amounts up to 300 per cent without exceeding the cost of available
alternatives.

5. The toll system that would produce the greatest revenue without discouraging
traffic growth is one with rates based upon the value to each user. The direct cost
of rendering the services would determine the minimum level for a to!ls charge, and
the cost of the most attractive alternative would determine the maximum charge. If
permitted to use such a pricing structure, a sea-ievei canal could attract almost all
potential traffic from alternative routes and transportation modes.

The findings of the Shipping Study Group as to the maximum potential revenues of a
sea-level canal may be summarized as follows:

- The potentiai traffic level of a sea-level canal is not likely to be achieved with a new
canal limited to ships of 100,000 DWT or less. It is most likely to be achieved by a
canal with a capacity to transit ships of 200,000 DWT or larger.

- 'Foil rates in a canal of adequate dimensions could be increased an average of 50 per
cent in terms of current dollars by ihe use of a new system of tolls. This would
cause some icss of potential traffic, but would produce approximately 40 per cent
afditonal revenue.
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- In addition to the potential for increase in current dollars, average tolls could be
increased at a rate approximating the average inflation of the costs of canal
alternatives with little impact on the volume of traffic.

- If tolls are restructured to produce maximum revenues, provis;ions must be made for
the variations in tolls sensitivities among commodities, ship sizes, and routes.

- A pricing system for structuring tolls designed to meet th- costs of competing
alternatives offers the greatest revenue potential for a sea-level canal.
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CHAPTER IV

EXCAVATION BY NUCLEAR METHODS

The initial PLOWSHARE cratering experiments and engineering studies conducted from
1958 through 1962, as well as a number of applicable nuclear weapons effects tests,
encouraged the hopes of the scientists and engineers involved that a practical nuclear
ex.cavation technology would soon be forthcoming. An attractive potential application then
considered was t'- construction of a sea-level Isthmian canal; in 1963-1964 conceptual
studies and research in the new techaology were extended to include this objective. Two
Isthmian canal routes, Route 17 in Panama tnd Route 25 in Columbia, having sparse
populations, remoteness from population centers, and apparently favorable topography,
appeared to meet the requirements of the embryonic technology.

Preliminary engineering estimates, made without on-site investigations, put nuclear
canal construction cost for Route 17 as low as $747 million - about one-third the
then estimated cost of conventional construction on Route 14. Route 25 was estimated to
cost more because only a portion was thought suitable for nuclear excavation. However, it
was recognized that the potential economies were contingent upon proof of th, feasibility
of nucieai excavation by further research and experimentation and also upon favorable
results of comprehensive physical surveys of the engineering and nuclear safety features of
the selected routes.

There was optimism in 1964 that on-site studies of the routes and the planned program
of additional nuclear cratering experiments would establish the feasibility and desirability of
nuclear excavation, although the magnitude of the technical and political obstacles to
nuclear excavation was recognized by President Johnson's advisers. Further, the United
States was being pressed by Panama to revise the 1903 Treaty. The urgency of determining
the feasibility of a sea-level canal was then deemed to warrant proceeding with on-site route
investigations while carrying out the additional nuclear cratering experiments needed to
develop a practical nuclear excavation technology.

The authorizing legislation requested by the President and approved by the Congress
contemplated extensive data collection on the two most promising nuclear routes, 17 and
25. Only limited field investigations of the routes for conventional excavation were provided
for as the available data were thought to be sufficient for feasibility studies. No field work
was planned for Route 8 inasmuc! ais (. aluations based upon avilable data showed it to be
less suitable than other routes undoe, consideration. The original authorization for the
planned studies was $17.5 million. This amount was later augmented to $24 million, in part
to expand the investigation of rov-tes suitable for conventional excavation. The actual
expenditure was $22.1 million, of which approx •,tely $17.5 million was devoted to the
nuclear routes, $3.0 million to the conveiitionai routes, and $1.6 million to All other
activities.
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SEDAN, July 6, 1962, 100 Kiloton - The Thermonuclear explosion occurred 635 feet below surface and excavated a

crater about 1200 feet in diameter and about 320 feet deep with a volume of about 6.5 million cubic yards.

FIGURE 10

Nuclear Excavation Technology
in, 1964 knowledge of nuclear cratering physics was limited to single craters in alluvium

ano rock. Row crater experiments had been conducted with chemical explosives only.
However, extensive knowledge of the radioacti-vity, fallout, seismic, and air blast phenomena
associated with nuclear excavation operations was available from an wide variety of nuclear
tests.

It had been estimated in prior Isthmian canal studies that the deep cuts through the
Continental Divide sections of the routes would require salvo yields in the tens of megatons
(M.t * Such levels were considered troublesome, particularly from the ground motions that
might be induced. It was recognized in these studies that radioactivity from fallout could
require extensive evacuation precautions and present problems under the restrictions of the
Limited Test Ban Treaty. There was confidence, however, that the radioactivity effects
could b- heW to insignificant levels.

*Nuckar .eplosive equivalent of one million t..- of the chemical explosive, trinitrotohiene (TNT).
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Ti BUGGY I crater approximately 860 feet long, 250 feet widtc, and 65 feet deep produced by the simultaneous

detonation of five nuclear explosives of approximately 1 kiluton each on March 12, 1968. The explosives were buried 135
feet deep and spaced 150 feet apart in hard rock on the U.S. Atomic Energy Comr..ission's Nevada Test Site. The arrow

mrin ts to a pick-up truck.F 
I U E 1FIGURE 11

When the sea-level canal investigation was initiated in 1965, it was expected thatdevelopment of the nuclear excavation technology would be advanced sufficiently during

the course of the investigation to permit determination of its feasibility for canal
construction. The AEC's PLOWSHARE program in nuclear excavation was expanded1 in
order that development of the technology would be phased with the Car.al Study
Comrnissioi,'s timetable. A program of some six to eight nuclear tests was considered the
rninimum necessairy to develop the technology.

Complementar' theoretical and laboratory tests and studies were also piogrammed and
canied out. These r!ated to all aspects of nu-Jear excavation, including the development of
clean devices and tVie probable behavior in craterirg of the different materials not so fir
tested - rock, saturate! rock, anJ clay shales as found on the Isthmian routes.

Politic•tl and budgetary constraints caused the olanned PLOWSHARE nuclear excava-
tion program to move slowly. Although the Caiial Study Commission's reporting date was
extended from Jr.ae 30, !968 to December 1, 1970, only three tests were carried out during
the Commission's investigation. The data from them materially assi.ited the complementary
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United States Air Force CH-3 Helicopter Lifting a Drilling Mast on Route 17

FIG'URE 12

II

studies and provided corroborative data at yields approach~ing usefulness for practical
excavation projects. The higher yield nuclear cratering experiments of the magnitude
required for the Isttimian canal excavation, however, remain to be carried out.

Engineering and Niicltear Operations Surveys
Pie engineeri-g and nuclear operations surveys of' Routes 17 and 25 were carried out

essentially as planned except for unavoid-,ble del:.ys. A field office in the Canal Zone and
base camips on each route were established. The latter were augmented by small satellite
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camps along the alinefnents. The personnel involved numbered more than 800 at the height
of field activities.

Four weather stations were built and operated in Panama and Colombia to acquire the
weather data needed for prediction of the effects of nuclear cperations and for other
purposes. Very high altitude *ir studies were conducted, using balloon anci rocket-borne
instruments. Surveys of existing buildings and other structures within projected areas of
significant ground motion were made to estimate structural response and damage.
Bioenvironmental studies in the various raJioecological systems were carried out by
scientists of different fields (marine, terrestrial, agriculture. forest, freshwater, etc.).

The engineering data program included topogripiiic surveys to -stablish the preferable
alinements and their elevations. The surface geology along each ioute was mapped and
subsurface borings vere carried out to confi-in or correct L ological interpretations- Rainfall
and stream flow were measured. People were couoted.

As usual, in such preliminary surveys there are areas where more data and longer
collection periods would have been desirable. The dati obtained, however, provide j basis
for a number of findings not previously possible.

Detailed analyses of the nuclear excavation te.-hnology and its potential application to
specific canal routes ore contained in Annex V, Study of Engineering Feasibility, and its
appendices. Several of the technical evaluations developed from the surveys of Routes 17
and 25 are summayized below. Discussions of the unique political, military, and econoniic
aspects of these routes are contained in Chapter VII, Analysis of Alternatives.

Route 17

1. Geological drilling on Route 17 found competent rock along approximately
three-fifths of the 50-mile route. Hard materials predominate throughout the 20-mile
Continental Divide reach on the north and for 10 miles through the Pacific Hills on
the south. The center 20 miles through the Valley of the Chucunaque River,
however, consist largely of clay shales. This material, if excavated to steep slopes,
softens and slides as it weathers. Slopes as flat as one unit of vertical rise for each 12
units of hotizontal mrasurement probably are needed for long-term stability in the
dleepest excavation. Such slopes cannot be produced by single-row explosive
excavation, and the chemical explosive experiments conducted thus far indicate that
it is unlikely that multiple-row techniques can be developed to produce flatter slopes.
For this reason, cost estimates had to be based L-, the assumption that the center
portion of Route 17 would require conventional excavation.

2. The portions of Route 17 which appear to be suitable for nuclear excavation are
currently estimated by the United States Army Engineer Nuclear Cratering Group to
require about 250 separate explosives with a total yield of 120 megatons. They
would be fired in some 30 salvos of varying total yields over a period of 3 years or
longer. The largest salvo would have a total yield of I I megatons. These estimates are
approximations only, based upon the limited route data available and calculate;i
nuclear explosive effects determined by extrapolation of hw-yield experimental dat.
available in 1969. The ALC is confident that these estimates could be reduced, both
in number of explosives and in total yield required.
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Rcute 17 cenkr~irb trail tiiioug!, th'e Chuzcufaquc VA;J y

FIGURE 13
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Site survey base camp at Santa Fe Ranch, Route 17

FIGURE 14

3. Fallout predictions based upon meteorological conditions in the vicinity of Route 17

inJicate that a land area of approximately 6,530 square miles containing an

est ted 43,000 persons would have to be evacuated during the period of nuclear

operations and for several months thereafter. This includes most of the area that

might be affected by ground shock or air blast, but precautions against glass breakage

and other damage in built-up areas would be required over a large area extending out

approximately 300 miles from tne route. The AEC is confident, however, dhat a
significant reduction in the size of the area affected is possible.

4. Tidal currents in a partially nuclear excavated sea-level canal on Route 17 without
tidal checks wonld reach 6.5 knots in the conventional section.

Route 25
1 Geolowical drilling found competent rock through the Continenta' ,)ivjde reach at

the Pacific end of Rouitc 25. This constitute'; ;ipproximatelv 20 miles of the

alinement inwvstigate. Tiv greatur portion ol 'his 100-mile route passes through
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alluvial material in the flood plain of the Atrato River. This reach is no! suitable for
nuclear excavation, but is well suited f)r economical hydraulic dredging.

2. The portion of Route 25 that appears suitable &'r nuclear excavation is currently
estimated by the Corps of Engineers to require I S0 individual explosives with a total
yield of 120 megatons. They would be detonated in some 21 row salvos over a period
of approximately 3 yeais. The largest salvo would total 13 megatons. The AEC
believes these estimates, like those for Route 17, could be reduced.

3. A land area of approximately 3,100 square miles containing an estimated 10,000
inhabitants wou J have to be evacuated to permit nuclear operations on Route 25.
As for Route 17, additional precautions would be required within a 300-mile radius
during actial dctonatiorn..

4. Tidal currents in a Route 25 sea-level canal without tidal gates would reach a
maximum of 3 knots.

Technical Feasibility of Nuclear Excavation of Routes 17 and 25
The Commission's Technical Associaies for Geology, Slope Stability, and Foundations

were asked to assist in the evaluation of the technical feasibility of nuclear excavation of
Routes 17 and 25. Their report is Enclosure 2 to this report. The tallowing extract
summarizes their findings as to the feavibility of nuclear canal excavation:

Feasibility of excavation by nuclear expic'siois is discussed in terms of: (I) the
present situation, i.e., the possibility of its being used with assurance for
interoceanic canal construction within tWe ne;,: ten years; (2) the requirements
for a continuing program of nuclear testing to assure future feasibility; and (3) the
possibilities of future applicability to weak rocks such as the clay shales of the
Chucinaque Valley. These discussions apply exclusively to the physical develop-
ment and configuration of craters which would result in a usable canal and
exclude all other effects of nuclear explosions such as seismic, air blast, and
radiological hazards.

(I ) Present Feasibility
The Technical Associates are in unanimous agreement that the techniques for

nuclear excavation of an interoceanic canal cannot be developed for any
construction that would be planned to begin within the next ten years,

The reasons for this opinion are:
a. Extension of the scaling relations now established by tests to the much higher
yield explosions is too irdefinite for assured design and the "enhancement"
effects due to saturated rocks and row charge effects now assumed flzve not been
proved by large scale tests. There is a definite possibility of a major change in the
mechanics and shape of the crater formed by the much higher yield explosions
required for the canal excavations as compared to exirapolations from the
relatively small-scale tests carried out to date.
b. The effects of the strength of rock on the stability of "fall-back" slopes and
the broken rock crater slopes projecting above the fall-back to the great hbights
required for an interoceanic canal have not yet been established.
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Drilling for subsurface geological data

F IGURE 15

Therefore, the Technical Associates conclude that nuclear excavation cannot
safely be considered as a technique for assured construction of an interoceariic
canlal in the near future.

(2) Future Development
The economic advantages of nuclear explosions for excavation of the vw:,y deep

cuts required by an interoceanic canal are so great that the present "Plowshare"
program should be continued, extended, and pursued vigorously until definitive
answers are obtained. Assured application of this technology to design and
construction of an interoceanic canal will require an order;v progression of tests
up to full prototype size, including full-scale row charge tests, in generally
comparable rock types, terrain and environment. Such a program may well
require another ten to twenty years to establish whether or not nuclear
excavation technology can be used with positive assurance of success for
construction of a canal along Routes 1 7 or 25.

41



(3) Application to Excavation in Clay Shales
A growing body of knowledge and experience indicates that high slopes in clay

shales, as in the Chucunaque Valley, or in more competent rocks underlaid by
clay shales, a.. in parts of the existing canal, may have to be very flat for long-term
stability and to avoid the danger of massive slidzs in the first few years after
excavation. Some attempts have been made to produce such flat slopes by
elaborate explosive techniques, such as over-excavation in anticipation of slides,
multiple row charges, and successive series of explosions or "nibbling" techniques
for application to problems such as construction of a sea-level canal across the
Chucunaque Valley. The Technical Associates believe this t0 be a highly
unpromising line of investigation with minimal chances of develuping procedures
that could be used with assurance in the foreseeable future.

Experimental channel excavaied by chemical explosive row charges a, Fort Peck, M,,ntana

FIGURE 16

In a letter (tInclo'sure 3) to the Canal Study Commission near the end of the sea-level
t.can1 istuldiCs, the Chaiirmilan of the Atomnic Energy Commniss ion reported that ,ny decis.ioi to
construtc,:t a se:i-level canal inl the near jUt ture must be ilnlie withlott reliaince upt)oll the
availability of nuclear excavation, lie expressed the A '("S view thilnt giVw'c 'illtls and
authorization, the teclhnical prohlesn, oft ntuclear xc\ý.avation cOM!d t,(. solvCd witbin Ia
relatively slhu)rt lime that eiach adiep which has heeti taken in dev,'loping nuclear ex,:av,.tion
techinology lii resulted in lowerin.e the potenlial risk involved, that increased u tMICers-iInldil g
o1 the catering ineclianisii liha inicreasCeI !)Clie in the pctenakil benefit of this uildertu-king
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for mankind; ind that, if for any reason a decision to construct an interoceanic canal is
delayed beyond the next several years, nuclear excavation technology might be available for
canal constructic ii.

It is clear that the technical feasibility of using nuclear explosives for Isthmian canal
construction has not been established and that any conclusion as to its technical feasibility
in the future for this purpose would be a speculative judgment of the potential of nuclear
excavation fo: the most sophisticated task that could be asked of it. It is equally clear that
the United Stttes could not propose such excavation until the reliability of the technology
for such an application has been proved unconditionally.

Although mindful of, and in essential agreement with, the AEC's prognosiN of eventual
availability of ýi nuclear excavation technology, the Canal Commission believes that many
experiments will be required in combination with practical applications in smaller projects
before the necessary degree of confidence can be assured. Although there is a considerable
body of scientific and engineering opinion that the technology has already been sufficiently
developed for application to projects of moderate size, such as harbors and highway cuts, it
is the view of this Commission that its perfection to, use in canal excavation on Routes 17
or 25 is many years away.

Acceptability of Nuclear Canal Excavation
The political constraints upon the use of nuclear explosives for canal excavation were

recognized at the time the Commission's investigation was authorized by the Congress. It
was reasoned in the authorization hearings, however, that establishment ot the technical
feasibility of nuclear canal excavation through experiments and practical applications of this
technology within the United States would ease removal of treaty constraints and other
political obstacles to its use for canal excavation. This reasoning was valid in 1964 and
remains so today, but neither technical nor political developments have proceeded at the
expected pace. Conseque'itly, the international and local obstacles to nuclear canal
excavation are essentially unchanged from 1 ,4. Although there have neeon encouraging
developments in international treaties bearing upon nuclear excavation, the Limited Test
Ban Treaty constraints remain in effect, and the Commission's studies indicate that
prospective host-country opposition to nuclear canal excavation is probably as great if not
greater than estimated in 1964.

The Limited Test Ban Treaty enjoins its signatories from conducting any nuclear
explosion which causes radioactive debris to be present outside the territorial limits of the
state tinder whose jurisdiction or control such explosion is conducted. The United States
recognizes, because there seems to be no possibility of excavating an isthmian canal wit,
nuclear explosives without transport of so)i,, radioactive material across territorial
boundaries, that this provision could prohibit nuclear excavation of a sea-level canal. It was
also recognized by the United States and other signatories, including all canal-site countries,
that nuclear excavation for p.accful purposes could later become practic;ible and mutually
acceptable. Consequently, the Treaty was drafted to provide simple amendment procedures,
requiring only the concurrence of the United States. Great Britain, Russia. and a simple
majority of the parties to the Treaty.

Two other treaties bearing uponi control of nuclear explosions have corie into force
subsequent to th' ratification of til Limited Test Ban Treaty. Both contain specific
provisions deligncJ to facilitate the use of nuclear explosions for peaceful purposes,

enCluding excavation, when the technology is developed andl when mu t call y acceptable
procedures are established. In thil Treaty of Tlatelaco (hlie !atin American Nuclear Free
Zone Treaty) tifteer' Central and South American countries, including all Wk 1iiliaii cainal-site
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countries, agreed to exclude nuclear weapons from their territories but specified conditions
for mutual cooperation in the employment of nuclear explosives for peaceful purposes.

The international agreement most encouraging for the future development of nuclear
excavation technology is the Nuclear Non-Proliferation Treaty now ratified by the three
principals and a majority of the signatories of the Limited rest Ban Treaty. Article V of this
Treaty provides that:

Each Party to the Treaty undertakes to take appropriate measures to ensure
that, in accordance with this Treaty, under appropriate international observation
and through appropriate international procedures, potential benefits from any
neaceful applications of nuclear explosions will be made available to non-nuclear-
weapon States Party to the Treaty on a nondiscriminatory basis and that the
charge to such Parties for the explosive devices used will be as low as possible and
exclude any charge for research and development. Non-.nuclear-weapon States
Party to the Treaty shall be able to obtain such benefits, pursuant to a special
international agreement or agreements, through an appropriate international body
with adequate representation of non-nuclear-weapon States. Negotiat;ons on this
subject shall commence as soon as possible after the Treaty enters into force.
Non-nuclear-weapon States Party to the Treaty so desiring may also obtain such
benefits pursuant to bilateral agreements.
The obligation assumed by the nuclear powers under Article V creates an environment

conducive to gaining international agreement upon modification or interpretation of the
Limited Test Ban Treaty to permit nuclear excavation projects. Discussions at the technical
level between United States and Russian representatives in 1969 and 1970 indicated that
Russia has great interest in the nuclear excavation technology and may be considerably
ahead of the United States in its development. These conferences produced joint statements
in favor of continued discussion of the technical aspects of peaceful nuclear excavation
technology; specific arrangements for dealing witii the constraints of the Limited Test Ban
Treaty remain to be initiated.

Opposition to release of additional radioactive material in the world environment
probably would not be stilled by negotiation of a Limited Test Ban Treaty modification
authorizing peaceful nuclear explosive excavations. Many pcople throughout the world,
includiing ,ome scientists, may remain convinced that the levels of radioactivity expected to
be released to the environment would not be acceptable.

The Commission's Study of Foreign Policy Considerations (Annex I) concluded that
within the canal-site countires, fear of the effects of nuclear explosions and fear of economic
dislocatious could create major obstacles to nuclear canal excavation. The problems differ in
magnitude among countries, but none appears easily overcome.

It was found that more than a half-million people would have to be evacuated from
areas of Nicaragua and Costa Rica to permit nuclear exclvation of Route 8. The
Commission then concluded that nuclear excavation of this route should be given no further
consideration.

The evacuation requirements for Route 17 are formidable at this time and will grow
more so witl: the passge of time as the Darien area de,,eiops economically. The evacuation
area includes the honmclands of ('hoco and Cuna Iridian tribes with primitive cultural
attachmcemts to their lands that could not be broken easily. A larger area extending to
Pallanma City on t he wcsi and Colomtia on the east would be subject to possible ground
inotion aiid airblast .laniage. The poential damages to masonry structuires anad window
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panes outside the evacuation area would not be costly to repair, but the inconvenience to
thousands of inhabitants could be considerable. An additional major obstacle for Route ! 7
construction is the prospect of economic losses and dislocatins in moving canal operations
away from Panama's metropolitan centers (See Chapter VII). T'hese economic disturbances,
the imagined dangers of nuclear excavation, and the objections to evacuation of inhabitants
from the Route 17 area could cause widespread Paniamanian opposition to a Route 17 canal.

The employment of nuclear explosives in the Continental Divide area of Route 25 in
Colombia would involve lesser problems of acceptability than wculd nuclear excavaiic, in
Panama. The land area of evacuation would be only one-half as large. Although :r.any of the
inhabitants of this area are Choco Indians whose removal would present probler- s similar to
those expected in Panama, the total evacuation requirement would involve only one-quarter
as many people. The required precautions against airblast and seismic shock would affect an
area of nearly the same magnitude as for Route 17.

The problems of public acceptance of nuclear canal excavation probably could be
solved through diplomacy, public education, and compensating payments. However, the
political and ftnancial costs to the United States in obtaining such acceptance could offset
any potential saving in construction costs and gains in intangible benefits. Obviously, a wide,
deep channel constructed at low cost by nuclear excavation would have specific advantages
in military security and ship-size capacity in comparison with a conver tionally excavated
canal. However, compensation costs unique to the dislocations and damages associated with
nuclear excavation, costs that not only would be incurred prior to and during construction
but also might be incurred for many years thereafter, would remain un'nown quantities
until actually negotiated. Although pioneering in such a massive nuclear e:cavation project
would certainly add to the scientific and engineering stature of the United States,
proL.eeding with nuclear construction against extensive minority oppositioi would detract
from that prestige.

Summary
In the judgment of the Con-. mission, the current prospects of nuclear canal excavation

are:
- At the present state of development of the nuclear excavation tchnology the

feasibility of its use in excavation of an Isthmian sea-level canal has not been
established. It is possible that the technology can be perfected to where such an
application is technically feasible, but many more nuclear excavatioi experiments
are needed. ' lchnical, political, and budgetary consiraints probably will continue
to slow development of the technology.

- The outlook on balance favors eventual attainment of international Icceptance of
practical applications of the nuclear excavation technology, but the time needed to
establish th,. necessary arrangements under the Limited Test Ban Treaty is
unpredicltable.
It is not possible at this time to determine whether a nuclear excavated canal would
be accept;,b',c to Panama. The use of nuclear excavation on Route 17 may be
precluded by economic developments in the vicinity.
It is unlikely that nuclear excavaiion will become technically feasible on enough of
Route 17 to permit substantial cost :,aviiigs in comparison with the cost of
all-conmentional sea-level canal construction elsewhere in lPanalma.
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It is probable that the technical feasibility and cost advantages of the use of nuclear
explosives for excavation of portions of Route 23 in Colombia could be established
by an adequate program of experiments. The future acceptability of such a canal in
Colombia cannot now be determined.
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CHAPTER V

GENERAL CRITERIA

Evaluadon of the costs of the several routes considered for construction of a sea-levcl
canal required that the basic criteria ot design and constru,!ion be the same for each route.
These criteria include: the maximum size of ship to be accommodated: the maximum
acceptable velocity of tidal currents: the size and shape of !he navigation prism: the side
slopes of the excavation above the water surface required for stability: and the methods of
construction.

Size of Ships
Panama Canal and very few ports in the United States can accommodate hrger ships. The

world fleet, however, now includes many tankers and dry bulk carriers twice this size or
bigger. The Shipping Study Report (Annex IV) predicts that the proportion of such ships in
the world fleet during the period from 2000 to 2040 would probably be as shown in Table
11.

The Comw, ission concluded from the cý .dta th:lt ,he demiads of flri nrC world
commerce would adequately be mie by providing Io6 the ,m, ,h , , (,014) 0•W l
under all normal conditions of operation of a scaievel canai between the Atlantic and
Pacific Oce, ns.

TABLE 11

FORECAST PROPORTIONS OF SUPER SHIPS IN THE WORLD FLEET

Size Equaled or Exceeded - DWT

Class Year 100,000 150,000 200,000

Freighters 2000 None None None
2020 None None None
2040 None None None

Bulkers 2000 3% 2% 1%
2020 6% 3% 2%
2040 10% 3% 2%

Tankers 2000 16% 5% 2,"6
2020 28`'" 100/ 3%
2040 44% 18% 8o

"*See I 00t 1hole 011 1139Ct .•5.
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Transit Capacities
Traffic through the Panama Canal has built up to more than 15,000 ships per year. It is

estimated by the Panama Canal Company that the future limit, without construction o!'
additional locks, will be 26,800 transits per year.

Recent trends ndicate that tile average amount of cargo per ship will increase more
rapidly in coming years than will the number of transits because of the increasing numbers
of large bulk carriers and tankers appearing in the canal ship mix. This divergence of the
growth rates of cargo tonnages and ship transits -;'ould undoubtedly become greater with
the opening of a sea-level canal that could accominodate ships of 150,000 DWT or greater.

The Commission concluded from the studies described in Annex IV that the demands
of world commerce would be well satisfied by providing for 35,000 transits per year initially
by means that would not preclude later expansion to at least double or even treble that
number.

Navigation and Tidal Currents
Safety of navigation of a se' -levei canal will be a controlling factor. The existence of

currents will impose few restraints on the passage of small ships but very large ships might
be unmanageable in an unrestricted canal under adverse tidal conditions.

Tidai flvctuations in the Atlantic along the isthnius of Panama are small and somewhat
eiiatic. The tides on the Pacific side, on the other hand, are large and quite regular. The
resulting variations in level for a typical period are shown on Figure i7. The nican level of
the Pacific at Balboa averages eight inches higher than in the Atlantic at Cristobal.

If an unrestricted sea-level canal were built to connect these oceans, there would thus
be oscillating flow with net movements of water from the Pacific to the Atlantic. The
currents so produced would depend on the difference in levels at the time, on the length of
the canal, and oi the size and shape of the navigation prism. The magnitude and direction of
such currents at all points a'ong the seve-al canals considered are set forth in Annex V
together with a description of the mathematical methods used to compute them. It was
found, for example, that on Route 10 the velocities of flow would be greatest at the
Alantic entrance and would reach 5.1 knots on a few days eacl year and 3.7 knots under
average tidal conditions. Velocities of flow in a nucle,,r excavated canal would be
substantially greater, because of its greater cross-sectional area.

The Commission conducted extensive studies to determine the concrollability c - -hips,
with consideration of the effects of currents, in a navigation prism of restricted width anc
depth; these included a review of operating conditions in existing canals and restricted
waterway: a comprehensive mathematical analysis, and a series of tests of large-scale ship
models in a confined channel.

These studies indicate that:
I. The desirable speed of ships with respect to the land is 7 knots, equivelant to 8.05

statute miles per hour.
2. The speed of ships with respect to the water sihuld not be less than 4 knots for

ships smjler than 50,000 DWT nor less than 5 knots for larger ships.
3. At least one powcrk'ul tug should be provided ."r control of each ship long enough

to cause blocJ ::ge of thli channel should the forward speed of this ship become less
Man the veloci I, of the following current.

4. l'owcrfnl tugs '.hould also be provided for assistance in stopping and for additional
t ontrol cf all large ships and ot sinall ships of limited maneuverability.
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a IL

"Tug assistance is required for all large ships in the present can-d and is expected to be similar.; requi, 'd in a se .A-level canal.

FIGURE 18

Tidal Checks
The uncertainty of safety of navigationi under all tidal conditions led to consideration

of a new concept: the installation of a tidal control structure at each end of a lo ig restricted
reach to limit the velocities of flow in a sea-level canal. It is contemplated that on;. structure
and gate would be located close to the Pacific entrance and another 24 to 25 miles north
thereof. The check gates would be moved alternately into position across or out of the
channel at intervals of 6.2 hours or some multiple thereof when the Pacific is at the same
level as the Atlantic. Under these conditions, the maximum velocity of flow would be
approximately 2 knots at the Pacific entrance and less elsewhere. It is also contemplated
that structures for gates would be built close to the Atlantic entrance where, if a gate were
installed and employed alternately with the Pacific gate, the maximum velocity could be
held to approximately 3 knots.

The contemplated tidal controls do not resemble the tHdal lock and by-pass arrangement
proposed in the 1947 Study. The gates would not function as locks; no lilting of ships
would be involved, and no ship would have to stop in transit. They would be operated as a
pair; one would be rolled or floated into position across the channel at an appropriate time;
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I

Scale model of a 250,000 DWTr tanker undergoing tests in the Naval Ship Research and Development Center to determine

the controllability of large ships in a sea-level canal.

FIGURE 19

the other would be moved simultaneously back out of the way of oncoming ships. Their
position would then be reversed 6.2 or 12.4 hours later.

These tidal check gates would not have significant milita.y vulnerability. Even if one or
both should be rendered inoperational by sabotage or military attack, they could easily be
removed from the channel. The higher tidal currents then encountered would not materially
impede the movement of wa;-ships and military cargo vessels through the canal. Figure 20 is
an artist's sketch of a tidal zheck structure at one end of the bypass in a sea-level canal.

The use of tidal chec;ks at the ends of' a one-way channe! would require that all s~iips be
transited in convoys, scheduled to arrive at a check just after 't is opened so that no ship
would have to stop or materially change its speed. These times will not be random;, they can
be predicted accurately many months in advance 4'ter a few observations are made to
measure the lag in time with respect to the Pacific tides.

The length of each convoy will necessarily be limited by the distance between the tidal
checks. It has been found, as described in Annex V, that 4 ship lengths from bow to bow
would be a satisfactory average spacing. This distance between ships plus an allowance of at
least one mile of clear space ahead of the first ship in a convoy and of one-half mile behind
the last ship gives the following for certain critical locations of checKs:
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Artist's Sketch of a Tidal Check at the Entrance to a Bypass Channel

FIGURE 20

TABLE 12

MAXIMUM NUMBERS OF SHIPS IN CONVOYS
WITH TIDAL CHECKS IN USE

DISTANCE IN MILES NUMBER OF SHIPS
BETWEEN CHECKS IN CONVOY

14 24
25 46
36 68

The shortest distance shown in this tabulation is that between the ends %,f a bypass,
consisting of 2 separate one-way channels, that could be constructed to augment the
transit capacity of a single-lane channel on Route 10. The largest distance is that between
the Pacific and Atlantic entrances of a canal on either Route tO or Route 14. The
intermediate distance is the longest that would permit the use of an 18.6 hour convoy cycle;
it also would put a tidal check at the Atlantic end of a future bypass on Route 10.

The Commission elected to include in the designs structures for support of tidal ga,..s at
or near the ends of each sea-level canal under consideration except Route 25, at each end of
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the potential bypass on Route 10, and at a point 24 miles north of the Pacific entrance of
Route 14.

Figure 21 schematically portrays the location and operation of the tidal checks in the
single lane configuration. Figure 22 similarly shows the operation of the bypass
configuration.

Cross Section of Navigation Prism
The Commission recognized early in its studies that the transit capacity of a single-lane

channel on all but the very long routes would meet all probable demands for many years
and that this capacity could most economically be augmented by the addition of a bypaiss.
The Commission also recognized that the cost of construction would be increased greatly by
providing for two-way traffic, because the width of a two-way channel should be more than
double the width of a single-lane canal.

It was developed from the comprehensive studie: 'acribed in Annex V that any of the
following combinations of ship speed, channel width, and channel depth would provide
equal navigability for 150,000 DWT ships:

TABLE 13

SINGLE-LANE CHANNEL DIMENSIONS FOR
SAFE NAVIGATION OF 150,000 DWT SHIPS

Speed in Water Bottom Width Water Depth
Feet Feet

9 Knots 500 72
5;0 60

11 Knots 550 85
600 77
650 65

The Commission recognized that the 9-knot ship speed in the water was for the
condition of 2-knots current with tidal checks in service and that the Il -knot ship speed was
based on passage against a 4-knot current. It accepted, however, the recommendation of its
Engineering Agent that this higher velocity be used for cost estimating purposes because it
may be found practicable over the years to operate in currents of this velocity, and because
it would permit passage of 250,000 DWT ships under controlled conditions.

The Commission, therefore, elected to use for all conventionally excavated channels a
single-lane navigation prism, having a bottom width of 550 feet, a center depth of 85 feet,
and a depth at the sides of 75 feet.

Side Slopes of Excavation
At the time the Panama Canal was built there was little knowledge of soil and rock

mechanics and much steeper slide slopes were used than would now be customary. Most of
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the slides along the Panama Canal have stemmed from this cause.
The Technical Associates of the Commission, after review of geologic and other

conditions along the existing canal and the several routes for a sea-level canal, recommended
that the slope criteria given in Table 14 be used in calculations of the quantities of material
to be excavated,

The proper side slopes for deep excavation in hard rock and soft rocks were also
investigated by the Engineering Agent. as described in Annex V. The findings of this study
were consistent with the recommendations of the Technical Associates. The Commission
accepted, for purposes of evaluating the costs of construction of a sea-level canal on each of
the severai routes, the recommended slope criteria.

Construction Methods
The potential of nuclear excavation is discussed in a separate chapter; hence, this review

of construction methods is limited to conventional procedures.
Excavation will be the largest item of cost of a sta-level canal on any of the routes

considered, because of the tremendous volumes o" material to be removed. The unit costs
(dollars per cubic yard) wiil vary widely depending on the nature of thc materials and
whether or not the channý aius, be excavated below wate, The unit cost of excavation of
hard rock will naturally 1,-, more than that of soft rock. Tht unit cost of removal of any
material will be less if the work can be done above water than if it has to be dredged, except
for unconsolidated depo•:.ts at moderate depths.

The Commission recognized that, in the years before actual construction of a sea-level
canal would be started, there probably wiil be major changes in methods and improvements
in equipment, but it directed that all estimates of cost be based on proved methods of
constructiun and on only foreseeable improvements of equipment now available. Four
general rnethods of excavation and their application to the different routes are described in
Annex V. These methods are:

I. Power shovels and truck h.-,t disposal for isolated portions of the wc.. arid to
remove the top.. u" hills.

2. Power shovels arid railroa' ,'.ji' disposal for the major portion of all excavation
above water.

3. Barge mount,.d shovels or draglines or bucket dredges and barge haul disposal of
material exyavated below water.

4. Hydraulic dredges and pipeline disposal of unconsu,.dated sediments below water.
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TABLE 14

RECOMMENDED SIDE SLOPES OF EXCAVATIONS FOR
DIFFERENT MATERIALS AND HEIGHTS

Nature of Material Side Slopes of Cut
Horizontal - Vertical

High Quality Rock 0.375 Overall Including
Construction Benches

Intermediate Quality Rock 0.625 Overall Including
Construction Bencheq

Low Quality Rock Height of Cut in Feet
Such as Clay Shale 100 200 300 400 500

Condition A 1.0 4.1 6.0 7.5 8.6

Condition B 1.0 5.3 7.8 9.5 10.7

Condition C 1.0 6.4 9.2 11.4 13.0

Condition A: For locations where the canal would be remote from the
existing canal. (The existing canal would be available for
t,'e during a proving period.)

Condition B: For locations where the canal would be separate from the
existing canal but in close proximity. ( xcavation would be
performed in the dry and gradual drainage would be possible
during construction. An observational period would be
available prior to the canal becomir g operational.)

Condition C: Locations where the canal would be adjacent to the existing
canal in an area with a history of sli•es. (The area would have
undergone long-term creep, and the slopes would be subject
to rapid drawdown. The maintenance of traffic on the
Panama Canal during construction is considered.)
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Earth slide blocking the Panama Canal in the Gaillard Cut, October 19 15

FIGURE 23
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CHAPTER VI

ENVIRONMENTAL CONSIDERATIONS

Construction of a sea-level Isthmian canal would impact on the land and ocean
environments in several ways. The physical effects can be estimated with some confidence
for both. The total effects upon land ecology 'an also be estimated with confidence, but tl:•
effects upon ocean life afe now uncertain because of the dearth of knowledge of the
regional ocean ecology.

The Land Environment
Canal excavation on any route would require clearing a right-of-way across the Isthmus

and disposal of great volumes of spoil on land .ne, off-shore. These effects from
conventional excavation would extend a few thousand yards from the canal routes; tiie spoil
areas and destruction of forested areas incidental to nuclear excavation would t)e mcrke
extensive. The excavation and spoil disposal plans for each conventionally excavated route
provide for containment of most spoil in areas where runoff woult be least harmful and
where the fill would be most useful.

Stream courses would be altered where they intersect a canal on any route.
Construction of a see-* vel canal on either Route 10 or Route 14 would divide Gatun Lake;
in the case of Route Ih, there would be no material change in total area, bui on Route 14
the remaining surface area ,vould be about 62 square miles as compared to ie present area
of 165 square miles.

The Panama Canal is already a barrier to faunal migration along the Isthmus. Any new
canal would be an added barrier.

Detailed estimates of the areas that would be affected on each route are contained in
A~mnex V, Study of Engineering Feasibility, together with specific estimates of potential
environmental effects. It can be concluded from these estimates that all permanent effects
on land areas would be limited to the immediate vicinity of the canal routes and would
result in no harmful ecological changes of significant magnitude. For the conventionally
excavated routes, the potential changes of the land environment and the freshwater ecology
appear to be less than those that were created by construction of the existing canal which
required the creation of Gatun Lake.

Medical experience in Central America and medico-ecologic studies performed for the
Commission have demonstrated the need for stringent and continuing preventive-medicine
measures and a responsive medical support program. insect and rodent control, waste
disposal. and health education would be particularly important. Immunization would be
directed primarily against yellow fever, smallpox, typhoid fever, and tetailus. A special
effort would have to be made to control malaria and other parasitic diseases, enteric
diseases, and other tropical ailmentj. The present conditions in the Car1 Zone denionstra,e
that a healthy environment can be achieved with a wel! planned and executed mediLal
prog.am.
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The Ocean Environment

Physical Effects
The permanent physical changes, e g., temperature, currents, and salinity, to the ocean

environment as a result of opening a sea-level Isthmian canal would be small and limited to
areas adjacent to the canal entrances. The water level on the Pacific side, twice each day, rises
from 5 to 1I feet above and falls 4 to 10 feet below that on the Atlantic side. A sea-level
canal without tidal control structures would thus have strong currents that would change
direction twice each day with the rise and fall of the tides. While no single tidal phase would
endure long enough to cause a complete flow-through of water from one ocean to the other,
there would bc a gradual net transport of water from the Pacific to the Atlantic because of
the slightly higher mean sea level of the Pacific. The transported water, however, would be
drawn from the upper levels of Panama Bay where it is already within a few degrees of the
water temperature on the Atlantic side. It would tend to become warmer as it moved back
and forth in the canal until it ultimately emerged at the Atlantic end. The predicted effects
on the receiving ocean's temperatures or currents are insignificant.

Spoil disposal and breakwater construction would considerably alter the existing shore
,.oifigurations and fill in large offshore areas. However, similar operations affected almost as
large an area in the construction of the present canal. Colon on the Caribbean side and Fort
Amador on the Pacific side were once ocean areas. No harmful environmental effects have
been identified with these large landfills.

Underwater excavation on Route 14 would have a very substantial effect on the water
in Gatun Lake; there would be some effect also caused by underwater excavation in the
approaches to any canal. Excavation in the dry, however, which would represent most of
the york on Route 10, could have only a nominal effect upon ocean areas near the
entrances. It is unlikely that sediment would be carried in canal flows, predominantly from
the Pacific to the Atlantic, in excess of the sediments tnat would reach the oceans naturally.

Biotic Interchange
An ,inobstructed sea-levei canal across the Isthmus would allow relatively easy passage

of marine organisms. Cert:rin forms of marine life now pass through the Panama Canal even
though Gatun Lake provides a highly effective biotic barrier. Barnacles and other immobile
organisms are carried through on the hulls of ships, and a variety of small plants and animals
is cairied in ballast water fr'om one ocean to the other. Transfers of marine life by these
means have been taking place continuously for more than 50 years. No harmful results have
yet been identified in either ocean as resulting from them. However, linking the oceans with
an unobstructed salt water chann,;i would greatly facilitate the movement of thcse and other
organisms.

Taxonomic studies indicate that the Atijntic and Pacific Ocean species along the
Isthmus are closely .elated, even though few are identical. The similarity results from the
linking of the Atlantic and Pacific Oceans until recent geologic time, perhaps 3 million
years ago. Concern has been expressed about the potentially undesirable biologic
consequences when such closely related species are allowed to intermingle and about the
ecological consequences of the mc.ernent of marine organisms generally. Marine biologists
are not in agreement on this subject; their predictions range from disaster to possible
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beneficial results.
Because of the great divergence of views on the ecologicai cuisequences of a sea-level

canal, the Commission had ; study made of the potential effects. This study, a limited one
because of time and fund constraints, was accomplished by the Battelle Memorial Institute
(BMI) in association with the Institute of Marine Sciences of the University of Miami. The
ocean populations on both sides of the Isthmus were studied, giving special attention to the
fish and crustaceans that are important to commercial and sport fishermen. The potential
transport of water, chemicals, sediment, and planktonic organisms between the oceans was
mathematically modeled and the resultant effects postulated. The BMI findings are
summarized as follows:

On the basis of the limited ecological information currently available we were
unable to predict the specific ecological consequences of marine mixing via a
sea-level canal. Preliminary modeling studies indicate that the net flow of water
would be from the Pacific to the Atlantic. This would result in minor
environmental changes near the ends of the canal and near the shore to the east of
the Atlantic terminus. Passive migration of planktonic organisms would occur
almost entirely in the same direction. Active migration of nekton could occur in
either direction, but environmental conditions in the canal would favor migration
from the Pacific to the Atlantic. We have found no firm evidence to support the
prediction of massive migrations from one ocean to another followed by
widespread competition and extinction of thousands of species.

Evidence currently available appears to indicate a variety of ;- diers to migration
of species from one ocean to another and/or the subsequent establishment of
successful breeding colonies in the latter. Environmental conditions in the canal
would constitute barriers to the migration of both plankton and nekion, and the
effectiveness of these barriers could be enhanced by engineering maiipulations of
freshwater inputs to the canal and other artifical means. The marine habitats and
biotic communities at the opposite ends of most proposed sea-level canal routes are
strikingly different. Where similar habitats do occur on both sides of the Isthmus,
they are already occupied by taxonomically similar or ecologically analogous
species. These differences in environmental oonditions on the two sides of the
Isthn,!s and the prior occupancy of similar niches by related or analogous species
wouid constitute significant deterrents to the establishment and ecological success
of those species which may manage to get th-ough the canal.

It is highly improbable that blue-water species like the sea snake and the
crown-of-thorns starfish could get through the canal except under the most unusual
circumstances. On the other hand, we can be fairly certain that some Pacific species
could pass through the canal and could become locally established in the Pacific
waters of the Atlantic. It is also improbable that these species would be able to
survive in the Atlantic outside the region of environmental modification due to
water flow through the canal. The Pacific species most likely to become established
along the Caribbear shore are those of estuarine and other shallow-water habitats,
the very habitats that have been least thoroughly studied.

To improve the precision and reliability of these and similar ecological
predictions would require additional information and quantitative data which
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could be provided only by a comprehensive program of field, laboratory, and
theoretical (modeling) studies. Extensive taxonomic surveys would be required to
improve our knowledge of the biota of the Tropical Western Caribbean and
Tropical Eastenr Pacific. Except for a few economically important species,
ecological lite history data are virtually non-existent. Basic biological studies
would be required to obtain such information. The geographical extent and
physiochemical characteristics of the marine habitats on the two sides of the
Isthmus are imperfectly known from a few cursory surveys. The species
composition and functional-ecological structure of the biotic communities that
characterize these habitats are imperfectly known and inadequately understood.
The parameters required to predict the flow of water and plankton through the
canal have not been adequately measured. The processes of migration, establish-
ment, and competition have been but little studied and are not well understood. To
remove these deficiencies in our knowledge would require a comprehensive,
long-term program of well-coordinated physical oceanography, marine ecology, and
basic marine biology studies.
The risk of alverse ecological consequences stemming from construction and operation

of a sea-level Isthmian canal appears to be acceptable. Since it is not possible to determine
the specific ecological effects without extensive studies before, during, and after
construction, the Commission requested the National Academy of Sciences (NAS) to
recommend a program of long-term studies to be undertaken if the decision is made to build
a sea-level canal. The complete NAS report and recommendations, together with the report
of the BMI study, are included in Appendix 16 to Annex V, Study of Engineering
Feasibility.

Should future research indicate the need for a biotic barrier in addition to tidal gates it
would be possible to install a temperature or salinity barrier. No such barrier was ircluded in
the designs, because the need for anything in addition to tidal gates has not been
established. A thermal barrier created by discharge of hot condenser water from a power
plant into the canal between the tidal gates would be feasible, although the co.ots would be
high. Delivery of fresh water from Gatun Lake into a Route 10 or Route 14 sea-level canal
between the tidal gates would be practicable, but the available supply of water is limited.
Continuous operation of tidal gates on either Route 10 or Route 14 would accommodate all
potential tLaffic past the year 2000, by whicti time the consequences of increased migration
of biota through the canal should have been determined.

Combined Effects
The environmental impact statements required by Sestio., 102 of the National

Environmental Policy Act of 1969 (Fublic Law 91-190) are included ip An,'ex V, Study of
Engineering Feasibility. These statements cover not only the effect of mixing the oceans but
other environmental changes which could be expected as a result of constructing a sea-level
canal.
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CHAPTER V1I

ANALYSIS OF ALTERNATIVES

Ihe choice of a feasible sea-level canal excavated by conventional means is limited to
Routes 10 and 14. In the analyses which follow these two alternatives are examined in
detail.

The route technically most promising for construction using nuclear explosives is Route
25 in Colombia; this is analyzed for possible future consideration, should the feasibility of
nuclear excavation eventually be established. A limited analysis of Route 17 is also included,
although its selection is considered unlikely.

As a basis for evaluating the incremental costs and benefits of a sea-level canal, an
analysis of augmentation of the existing lock canal is also provided.

Each of these alternatives is evaluated on the bases of its engineering feasibility, cost,
capacity, expandability, political acceptability, and its defense aspects.

Routes 5, 8 and 23 are analyzed only briefly, inasmuch as they are clearly less desirable
than other routes.

A brief description of the capabilities of the present lock canal is provided as a point of
departure.

The Panama Canal
The existing lock canal (Route 15) consists of short sea-level approaches to an elevated

midsection formed by Gatun Lake, which is regulated between elevations 82 and 87 feet
above sea level (Figure 24). The Gatun Locks on the Atlantic side consist of parallel twin
locks of three equal lifts. On the Pacific side there are two lock structures - a double lift at
Miraflores which raises transiting vessels to an intermediate pool called Miraflores Lake, and
a single lift at Pedro Miguel raising the vessels to the level of Gatun Lake. All lock chambers
are 1,000 feet long, 110 feet wide, and at least 41 feet deep. The lock dimensions limit
transits to ships with lengths of less than 1,000 feet, beams of not more than 106 feet, and
drafts of less tI an 40 feet (approximately 65,000 DWT). Its annual capacity is now limited
by the availab!e water supply to approximately 18,000 transits per year. The ultimate
capacity of the existing locks, upon completion of the long-term improvement program of
the Panama Canal Company, is estimated to be 26,800 annual transits. This program.
involving costs of approximately $100 million, includes provisions for pumping sea water
into Gatun Lake or recirculating lockage water.

Alternatives Eliminated from Further Consideration
Routes 5, 8, 17, and 23 were found to have disatieantages of sufficient magnitude to

eliminate them from consideration as alternatives to other routes. The reasons for doing so
are briefly summarized. Details are in the Annexes to this report.
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Gatun Locks at the Caribbean end of the Piainma Canal

FIGURE 25

Widening the Panama Canal channel frar. -,1 feet to 500 feet waa completed in 1970.

F I (JRE 26
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Miraflores Locks and excavation for third locks at left. Pedro Mfiguel Lock and Gaillard Cut are in the background.

FIGURE 27

The Panama Canal is now lighted throughout its length and operates around the clock.

FIGURE 28
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Route 5 Lock C~anal (Figure 29)
Data available from 1931, 1947, and 1964 studies of the 167-mile route in Nicaragua

indicate that a lock canal capable of accommodating 110,000 DWT ships and having
approximately the same annual transit capacity as the existing Panama Canal would cost
about $4 billion. A lock canal designed to meet the 150,000 DWT ship size and 35,000
annual transit capacity criteria would cost much more.

Route 8 Sea-Level Canal Excavated by Either Nuclear or Conventional Excavation
A sea-level canal on Route 8 through Nicaragua and Costa Rica (Figure 29) would cost

an estimated $5 billion to construct by r.•uclear methods, if available, and $11 billion by
conventional methods. This latter cost is prohibitive, and nuclear excavation is infeasible for
the 'reasons given in Chapter IV.

Route 17 Sea-Level Canal Excavated by a Combination of Nuclear and Conventional
Excavation

Route 17, approximately 100 miles east of the present Panama Canal (Figure 30) is
remote from Panama's developed areas - an essential requirement for nuclear excavation.
Approximately 30 miles of its length through the high elevations (that involve the greater
portion of the total excavation volume) appear technically suitable for nuclear excavation.
Estimated construction costs, assuming partial nuclear excavation would be feasible, total
$3.1 billion - more than the estimated cost of all-conventional construction on 1Koute 10 or
Route 14.

The problems related to nuclear excavation described in Chapter IV are not the only
obstacles to a Route 17 canal. Panama could be expected to object, for the Route would
involve major dislocations of the economy of Panama. Panama City and Colon depend upon
the present canal and its associated military bases directly and indirectly for some 74 per
cent of their economic activity. Although the United States military bases could be left
where they are if canal operations were transferred to Route 17, a large phasedown of
eniployment and business activity would accompany the closure of the present can?',. The
Stanford Research Institute estimates that employment within 30 miles of the present canal
would decline by 45,000 with the changeover to Route 17 and only 36,000 new jobs would
develop in the new are.. rne total Panamanian GDP is also estimated to grow somewhat
more slowly with the construction and operation of a Route 17 canal than with one on
Route 10 or Route 14.

Route 17 offers some military advantages because of its remoteness and its partially
nuclear excavated channel (Annex II, Study of Canal Defense). The wide, deep nuclear
reaches, comprising three-fifths of the total land cut, would be relatively invulnerable to
blockage by scuttled ships, making defense a less difficult problem than on other routes.
However, its potential advantages do not now appear to be significant in comparison with
the magnitude of the potential problems in nuclear excavation and in transfer of canal
operations away from the vicinity of the present canal.

Route 23 Conventional or Combined Nuclear and Conventional Sea-Level Canal
The sea-level canal on Route 23 (Figure 30), proposed by a representative of the

Government of Colombia, would have a itngth of 146 miles, including more than 27 miles
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Li

Line camp at 1000 foot elevation where Route 17 crosses the Continental Divide

FIGURE 31

of seaward approach channels. This alone makes it non-competitive with other routes.
Approximately one-third the length w,ýuld be in Colombia, generally along the trace of
Route 25, and two-thirds in Panama. The Pacific terminus would be the same as for Route
17 and its Caribbean terminus the same as for Route 25.

Were nuclear excavation feasible, about 20 miles through the Continental Divide would
be excavated by nuclear explosives. The remainder at lower -levations would be
conventionally excavated. Construction costs, based on the limited data available, are
estimated to ringe from $2.4 billion with paitial nucltar excavation to $5.3 billion for
excavation wholly by conventional methods.

The great !ength of a Route 23 sea-level canal would involve greater operating and
maintenance costs than would other routes. Althoug. there could b- political advantages in
having a canal pass through two host countries, the technical k"isadvantages of Route 23 and
the obvious economic disadvantages for Panama in a remote canal that shared its revenues
with Colombia combine to eliminate this rouse from further consideration.

Route 25 Conventional and Nuclear Sea-Level Canal
Route 25 (Figure 32) is wholly within Colombia near the Panamanian border. It is

approximately 200 miles east of the existing Panama Canal. Its total length is 101 miles. A
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The town ot Rio Sucio on the bank of the Atrato River. Excavation of this scction of Route 25 through the flood phdn of
the Atrato River would be accomplished by hydraulic dredging.

FIGURE 33

sea-level canal on this route would not be competitive in cost with other rot't,,. ;-;ithout the
economies promised by nuclear excavation.

Approximately 20 miles of Route 25 through the Continental Divide, the upper
Truando River Valley, and the Saltos Highlands would be excavated by nuclear explosives.
T'e remainder of the route, starting with elevations below 75 feet in thc Truando Valley,
would be excavated conventionally almost entirely by hydraulic dredging. Most of this
portion of the route is through the flood plain of the Atrato River at elevations only a few
feet above sea level. At isolated high spots and at the juncture of the nuclear and
conventionally excavated reaches conventional dry excavation methods would be used.

Hydraulic excavation along nearly 80 miles of Route 25 at low elevations would be
relatively inexpensive, and the incremental costs of wider channels would be small in
comparison with the costs of widei channels on other routes,

Two alternatives, shown schematically in Figure 34, are:
- The singic bypass configuration.
- The dual lane configuration.
In order to meet the initial 35,000 annual transit capacity L&-tIrion, the leihgth of the

route would require at least one bypass, which ideally should be locatie :It the center of tile
single-lane channel and be equal to one-third the length of that channel. The 101-rile length
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of a canal on Route 25 would limit peak tidal currents to 3 kncts. The capital cost of this
canal has been estimated, as shown in Annex V, to be $2.1 billion. However, as stated in the
report of the Commission's Technical Associates:

A valid comparison cannot be made between Routes 10, 14C and 14S, al!
of which would be excavated entirely by conventional means, and Routes 17
and 25, both of which require nuclear excavation for the planned
construction. Nuclear excavation is not yet a proven construction technique
and there is no assurance that construction plans and cost estimates based
on present knowledg,; are valid. Therefore, dollar cost comparisons at this
time have no true significance.

Alto Cunche weather station near southern end of Route 25

FIGURE 35

Colombia's lack of enthusiasm for a United States-controlled canal on her territory is
discussed in Chapter II, and the current uncertainties in regard to the feasibility of nuclear
canal excavation are described in Chapter IV. However, both the technical and political
prcspects of eventually employing nuclear explosives for canal excavation appear more
promising for Route 25 than for any other route.

Defense of a sea-level canal on Route 25 would present complex problems. Its land
length is nearly three times that of routes in Panama, and all defense facilities - buildings,
roads, airfields, etc. - would have to be provided. It is unlikely that United States military
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forces could be stationed in Colombia. Although the Colombian armed forces would be
capable of providing a measure of security for a Route 25 canal, outside assistance would be
required to provide a !evel of security acceptable to the United States.

A critical defense problem that would accompany construction on Route 25 is that of
security of the present canal during the 10- to 15-year construction period. If construction
were undertaken as a result of inability to reach agreement in negotiations for a new canal in
Panama, a hostile environment would almost certainly develop. In this event, defense of the
existing canal could be difficult and expensive.

At the present, a canal in Colombia controlled by the United States appears neither
desirable for the United States nor acceptable to Colombia. Should construction of a new
canal elsewhere be long deferred and the practicality of nuclear canal excavation be proved
in the meantime, it is possible that other factors bearing on the acceptability of a sea-level
canal in Colombia would have changed and Route 25 would merit reconsideration.

The Third Locks Plan
There have been many proposals for increasing the capacity of the present canal by

construction of additional locks. The most promising are variations of two basic plans: The
Third Locks Plan and the Terminal Lake Pian. The former was actually initiated in 1939 and
discontinued after expenditure of approximately $75 million on excavations for larger locks
adjacent to the existing ones. The new locks would have been 140 feet wide, 1200 feet long,
and 50 feet deep. Locks of this size would accommodate vessels of up to approximately
110,000 DWT.

The Terminal Lake Plan would consolidate Miraflores and Pedro Miguel Locks on the
Pacific side, raising Miraflores Lake to the level of Gatun Lake. In the process a third lane of
locks would be added on both the Atlantic and Pacific sides. This plan has the advantage of
providing an anchorage area above the Pacific locks which would eliminate navigation
hazards now encountered in that area. A variation of the Terminal Lake Plan, proposed by
S.2228 and H.R. 3792, 91st Congress, provides for three lanes of locks, the largest being
140 feet wide, 1200 feet long, and 45 feet deep. The Pedro Miguel Lock would be
eliminated and the operating level of Gatun Lake would be raised 5 feet to a maximum of
92 feet above sea level.

None of the proposed lock plans would provide for the transiting of 151I,000 DWT
ships, the minimum size that would enable the cana! to compete with alternate routing for
bulk cargo. Hence, a Deep Draft Lock Canal Plan was developed that incorporates the best
features of the proposed plans with locks (160 feet by 1450 feet by 65 feet) capable of
accommodating 150,000 DWT ships. This plan (Figure 36) provides a reference base for
evaluation of sea-level canal alternatives. Table 15 summarizes its characteristics and costs.

None of the proposed lock plans, including the Deep Draft Lock Canal Plan, would
permit transit of the United States Navy's largest aircraft carriers which have angled flight
decks too wide for the locks. The estimated construction cost of locks adequate for these
carriers was $800 million more than the cost of locks for i 50,000 DWI ships. Therefore, a
lock canal capable of transiting these cart iers was given no further consideration.

The addition of a third lane of locks would increase. annual transit capacity by
approximately 8,000, making the toal annual capacity 35,000. This capacity could

75



COOOST.

RIC

- COLOMBIA

L\ N

DEE DRAFT LOCK CANA
76 ~ ECO SLL IE

A 0 T W0
DDT N AHM



TABLE 15

ROUTE 15 DATA ESTIMATES

Total construction cost $1,530,000,000
Channel excavation volume 560,000,000 cubic yards
Channel excavation cost $570,000,000
Cost of new locks $550,000,000
Construction time 10 years
Operation and maintenance costs $71,00,000/year

(for 35,000 transits)

These data are based on construction and operation of a deep
draft lock canal with a land cut of 36 miles and 20 miles of
approach channels. Eight miles will have a 500- by 65-foot
channel (75-feet deep at centerline). The remainder will accommodate
two-way traffic. A third lane of locks will be added to the
existing locks. They wi'l be 160- by 1450- by 65-feet and will
accept 150,000 DWT ships.

This improved lock canal would have an effective capacity of
35,000 transits per year. At this capacity, the time lost by
the average ship in slowing down, awaiting its turn to enter
the canal, transiting, and then regaining open ocean speed is
estimated to be about 25 hours.

meet projected demands for commercial transits through this century at a Aesser cost than
that of a sea-level canal. This is its only major advantage. However, expansion to meet
further traffic growth would not be practicable.

The United States has held that the provisions of the Treaty of 1903 permit the
building of a third lane of locks. This may not be a practicable alternative because a
controlling determinant of the long-term viability of any course of action in Panama is its
acceptability to the government and people of Panama, the United States, and, hopefully, to
Latin America generally. It seems obvious that major augmentation of the existing canal
would not serve United States interests unless accomplished under a new treaty arrangement
or major revision of the present treaty willingly entered into by Panama.

Augmentation of the existing canal under treaty arrangements comparable with those
proposed in 1967, with an appropriate extension of the period of United States control,
would have favorable effects on the economy of Panama (see Annex I, Foreign Policy
Considerations). The political disadvantage of the third-locks solution is that it would tend
to increase operating personnel and defense requirements that are currently causes of
concern to Panama.

Construction of a third lane of locks would not reduce the vulnerability of the lock
canal to long-t rm interruption by sabotage or military attack. The critical weaknesses of
the locks and the high level lake would remain unchangta. The basic vulnerability of the
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lock canal would continue to require large defense forces on site and provisions in United
States strategic plans for the contingency of long-term closure of the canal in wartime. The
lock canal's current inability to transit the Navy's aircraft carriers would continue.

Route 14 Conventionally Excavated Sea-Level Canal
The two alinements of Route 14 that were evaluated are identical except through the

Continental Divide (see Figure 37). Both follow the trace of the present Panama Canal
without its many angularities. Route 14 Combined (14C) would involve deepening and
widening of the present Gaillard Cut; Route 14 Separate (14S) would require a new cut
through the Divide about one mile to the southwest of the present cut. Both alinements pass
under the existing bridge at the Pacific end of the present canal and utilize excavation
already accomplished for the unfinished third locks project.

The combined cut offers considerable savings in the volume of excavation because of
the lower elevation through the Divide. However, only the separate c'it permits excavation
in the dry to project depth in the Continental Divide area. A major disadvantage of the
combined alinement is its inevitable interference with the operation oi the existing canal
during the ten or more years of actual construction. The Gaillard Cut is now only 500 feet
wide and must be operated on a one-way basis for the largest ships that transit the canal.
Cut widening and deepening would further limit capacity during the construction years.
Excavation to 85 feet below sea level in this cut could induce slides that would block the
existing canal for long periods. These and other potential disadvantages of Route 14C
discussed in detail in Annex V led the Commission to conclude that Route 14S would be
the preferable sea-level canal alinement within the existing Canal Zone, regardless of its
slightly greater cost.

Three feasible design configurations for Route 14S have been considered (Figure 38).
Two include a centrally located single-lane section while the other includes two parallel
single-lane sections; all sections are cut to the design channel criteria. Each configuration
includes 1400 by 85 foot two-lane approach channels at both its Atlantic and Pacific ends.
The configurations, in the ascending order of cost and capacity, are:

- A 33 mile single-lane section.
- A 24 mile single-lane section.
- Two parallel 19 mile single-lane sections.

Each of these could be constructed with check gates to limit the tidal currents. The location
of the tidal checks would vary with the configuration and the maximum acceptable current.
The methods of operation with tidal gates in the various configurations of Route 14S,
channel design, and convoy operations would be essentially the same as for Route 10,
discussed later in more detail. The initial transit capacity would be at least 35,000 annually.

The topography of Route 14S does not lend itself to a bypass, which should be located
along the center third of a canal alinement to be effective. Consequently, the logical
expansion steps involve progressive shortening of the one-way section by extending the
Atlantic approach across Gatun Lake, where elevations are much lower than those close to
the Pacific. The maximum currents in the single-lane section would tend to increase as this
section became shorter, but tidal gates could provide appropriate control. Shortening the
restricted section would significantly increase capacity.

78



RIC

COLOMBIA

LA AT III

C LAKE

,,• • •'•,
, mm,,r y GAT O MOTELI IL

FIGUR 37

SEA-EVELCANA ROUE 1

DOL I ILS7
\ 0 5 lO

2AT NFAH••



ROUTE

L9\ AM

LALEN

Z00 SIA CO INEN L SID
![&A fliV! i I.:3

i- 300 0PLA N

JI LAK

I2 U
10 1'-~v

I- z

7CHANEL9 8o1TD

10 20- 30, 05

DISTANCE - MILES

TiDAL CIHECKS

APPROACH CHANE EXTEN ON - 8

r'-TIDAL CHECKS

T IDAL CHECK--

22 MILES IBMILES TDLC-EK , 1MILES~

DUAL CHANNEL - C

ROUTE 14S CHANNEL CONFIGURATIONS

FIGURE 38

80



In the final phase of construction of a sea-level canal on Route 14S the water in the
channel would be lowereJ from the level of Gatun Lake to seo level. This would be
accomplished by removal of the plugs left at either end of Gatun Lake; and the simultaneous
construction of an earth dam ii :he old canal channel near Gamboa to divert the Chagres
River to the Pacific. This drawdown would create a hazard of slides. As much as three
months would be required for the changeover, during which time there could be no traffic

through the canal.
Political factors bearing on the feasibility of a sea4evel canal on any route within or

near the Canal Zone and the effects upon the economy of Panama would not be measurably
different (Annex I). Route 14 has the advantage, however, of being wholly within the Canal
Zone. Construction on Route 14 would require no acquisition of privately owned land and
would create the minimum local disturbances.

TABLE 16

ROUTE 14S DATA ESTIMATES

Total construction cost $3,040,000,000
Channel excavation volume 1,950,000,000 cubic yards
Channel excavation cost $2,210,000,000
Conr-truction time 16 years (includes 2 years

for preconstruction design)
Operation and maintenanc. cost $56,000,000/year (for

35,000 transits)

These data are based on construction and operation of a sea-level
canal with a 33. mile single-lane land cut and 21 miles of two-lane
approach channels. Ships up to 150,000 DWT could be accommo-
dated under all conditions; larger ships up to 250,000 DWT could
be accommodated under controlled conditions. Tidal gates would
be installed and used continuously to limit current to no more than
2 knots.

This configuration would have an effective capacity of 39,000
transits/year. At this capacity, the time lost by a ship in slowing
down, forming into a convoy, passing through the canal, and re-
gaining open ocean speed would be comparable to time lost by a
ship passing through the Panama Canal in 1970. At lower traffic
levels, time lost would be significantly less.

If experience showed that additional capaicity would be required,
the two-lane approach channel on the Atlantic end cculd be extended
inland across Gatun Lake for 9 mi!es, reducing the single lane reach
to 24 miles. The cost of this additional effort would be $430,000,000
The new configuration would have an effective capacity of 55,000
transits/year.
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Interference with traffic through the existing canal during construction of a :-,ea-level
canal and the ultimate elimination of the existing canal and the partial elimination of Gatun
Lake would be significant disadvantages from both United States and Panamanian
viewpoints.

Route 14 1 , the military advantage of being in practically the same iocation as the
Panama Canal for which all existing defense installations have beer, sited, but there are two
disadvantages to Route 14 from the defense viewpoint: the vulnerability of the existing
canal during the construction period to interruption by slides or by military attack would be
greater than at present, and there would be many miles of barrier dams to defend along each
side of the sea-level canal across Gatun Lake.

Route 10 Conventionally Excavated Sea-Level Canal
Rout,. 10 (Figure 39) is approximately 10 miles to the west of the existing Panama

Canal. With the exception of two short reaches across arms of Gatun Lake, the route lies
outside the present Canal Zone. "i he area is undeveloped except for a few small farms and
grazing lands interspersed with jungle. The proximity of the Canal Zone would permit use of
existing Panama Canal facilities in support of canal operations.

An analysis of possible sea-level canal configurations on this route leads to three distinct
alternatives, each of which would be 36 miles in length between two double-lane approach
channels 1400 feet wide and 85 feet deep (Figure 40). Listed in ascending order according

to capacity and cost, they are:
- A single-lane channel for the full length of 36 miles.
- An II mile single-lane channel on each end connecting with a 14 mile centrally

located bypass section consisting of two single-lane channels.
- Two parallel 36 mile single-lane channels separated by a berm.
This order is also the sequence in which the canal could be constructed to provide

progressively greater capacity. The ultimate capacity would be reached by extension of the
bypass across the Isthmus, providing two parallel one-way channels.

A combination of conventional excavation techniques would be used. A system of
barrier dams would be employed to isolate the construction area from Gatun Lake and the
present canal and thereby pennit excavation in the dry of the bulk of the material.

Table 17 gives the capacity-cost data for the single lane configuration.
Prism design and ship spacing have been based on operating in 4-knot currents, but the

Commission considered it prudent to base initial capacity calculations on tidal currents
being limited to 2 knots and to incorporate into conceptual designs and cost estimates the
facilities required for that purpose. The installation of a tidal control structure at the Pacific
entrance and another 25 miles north thereof in the basic one-way channel would accomplish
this purpose and permit more than 35,000 transits per year.

Past negotiations indicate that a sea-level canal on Route 10 should be acceptable to
Panama under reasonable treaty conditions. The precise treaty provisions can be determined
only by further negotiation, but the objectives of the United States and Panama in any canal
on Panamanian territory do not appear to be irreconcilable.

Construction of a canal on Route 10 would not bring about any shift of canal
operations from near Panama's metropolitan centers. The avoidanck. of interference with
traffic during the construction phase and the preservation intact of the existirg canal after a
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TABLE 17

ROUTE 10 DATA ESTIMATES

Total construction cost $2,880,000,OOU
Channel excavation volume 1,870,000,CflO c..bic yards
Channel excavation cost $2,030,(VJACI
Construction time 14 years (includes 2 years for

preconstruction design)

Operation and maintenance cost $57,000,000/year (for 35,000
transits)

These data are based on construction and operation of a sea-level
canal with a 36-mile single-lane land cut and 17 miles of two-lane
approach channels. Ships up to 150,000 DWT could be accommo-
dated under all conditions; larger ships up to 250,000 DWT could be
accommodated under controlled conditions. Tidal gates would be
installed and used continuously to limit current to no more than
2 knots.

This configuration would have an effective capacity of 38,000
transits/year. At this capacity, the time lost by a ship in slowing
down, forming into a convoy, passing through the canal, and
regaining open ocean speed would be comparable to time lost by
a ship passing through the Panama Canal in 1970. At lower traffic
levels, time lost would be significantly less.

If experience showed that additional capacity would be required on
this route, a 14-mile bypass would be constructed for about
$460,000,000. It would have an effective capacity of 56,000
transits/year and, at all Ievels of capacity, would allow less
time in transit than a single-lane canal.

ncw canal is opened would have distinct advantages for Panama. Construction of a canal on
Route 10 would permit future operation of the existing canal in combination with the
sea-level canal and leave Route 14 available for construction of a second sea-level canal if
one were ever needed.

While the advantages for Panama in either a Route 14 or a Route 10 sea-level canal
should make either acceptable under a mutually satisfactory treaty arrangement, the
comparative advantages and disadvantages on balance favor Route 10. In any arrangement
for operation of a sea-level canal on Route 10, it would be unacceptable for the present
canal to pass to Panamanian control and be operated in competition with the sea-level canal.

The Stanford Research Institute's study of sea-level canal economic impacts estimated
that the maximum reduction in canal employment for a sea-level canal on Route 10, in
comparison with continuing the present lock canal, would be 6,300 empioyees. On the
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other hand, more than 7,000 employees would be needed during the sea-level canal
construction period. The foreign exchange earnings for Panama from sea-level canal
construction, estimated to be more than $1 billion, plus the greater long-term earnings from
the new canal capacity, would permit greater total econonic development and employment
in Panama than continuation of the existing canal. The Stanford Research Institute
estimated that the gross domestic product (GDP) and total employment in Panama would
not only grow rapidly during the sea-level canal construction years but also would thereafter
continue to be greater than it would be were the present -anal continued under the existing
treaty (Annex 1).

One disadvantage of Route 10 is that it lies outside the existing Canal Zone.
Construction on it would require acquisition of some privately owned land, but the needed
land is relatively undeveloped and its acquisition should involve no significant problems or
cost. The question of jurisdiction in the canal area is not material to the choice of sea-level
canal routes in Panama, inasmuch as a new treaty is expected t. be negotiated for
construction on any route. Resolution of the issues of Panamanian sovereignty and
jurisdiction of the canal operptirg authority should affect all routes equally.

Defense of a sea-level canal on Route 10 would re(uire only limited expenditures for
new defense facilities, such as helicopter landing areas, access roads, and facilities at the
canal entrances for small Navy elements. The additional distance to Route 10 is so small
that all major defense requirements would continue to be met by existing military
installations in the Canal Zone. Not only would a sea-level canal on Route 10 be far less
vulnerable than a lock canal, but also it would be somewhat less vulnerable than one on
Route 14 with its more extensive barrier dams needed to preserve Gatun Lake.

The distance of Route 10 from the metropolitan centers of Panama City and Colon is a
slight military advantage, but continued use of existing Zone facilities in support of a canal
on Route 10 would leave many facilities and canal personnel in the same location regardless
of the choice of Route 10 or Route 14.

The major military advantages of Route 10 over Route 14 are that construction on
Route 10 would avoid the long period of vulnerability of the existing canal during
construction of a sea-level canal adjacent to it on Route 14, and the additional capacity and
safety offered by the continued availability of the old canal after a new one is opened on
Route 10.

Route 10 Sea-Level Canal Operated in Combination with the Existing Lock Canal as
One System
The present canal would continue in operation during the construction period of a.'Iv

sea-level canal. When the sea-level canal is opened, the existing canal would be needed to
provide an emergency alternatihe until the new canal had been operated for a period of
years, its capabilities proved, and there was reasonable certainty that it would not be
seriously affected by slides. The Commission has been advised by its Technical Associates
for Geology, Slope Stability, and Foundations that 10 years is a minimum period for this
purpose. It would be desirable also to maintain it on a standby basis for an extended period
thereafter.

The existing canal with improverments short of additional locks has, as previously been
indicated, a potential annual transit capacity of 26,800 ships Of all sizes below 65,000 DWT.
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Farmland on southern portion of Route 10

FIGURE 41

In the mix of ships projected for Isthmian canal traffic in the year 2000 and thereafter,
more than 85 per cent of the total continues to be in these smaller sizes. Although the
combined capacities of the old canal and a sea-level canal on Route 10 are not likely to be
needed in this century, it would be unwise for the United States to commit itself to discard
the old canal permanently until the. lack of ultimate need for it was certain.

There are no unique engineering problems in maintaining the lock canal on a standby
basis. The cost of operating it on a one-shift basis after a new canal is opened is estimated to
be approximately $4 million a year. This amount would provide for personnel for
maintenance and operation, dual haining of sea-level canal operating personnel for lock
canal operations in an emergency, and periodic channel dredging. When no longer needed,
maintaining it on a non-operating standby status is estimated to cost $1 million a year.

Integration of the operation of a new canal on Route 10 with operation of the existing
canal would have great advantages over operation of a canal on Route 10 as a separate
entity.

If a new treaty should authorize such a system, all feasible alternatives for providing
canal capacity greater than now existing would be available. Initial expansion could be
accomplished by adding lock lanes to the existing canal or by building a sea-level canal on
Route 10. Subsequent needs in excess of the minimum capacity of the sea-level canal could
be met in three different ways:
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1. Reactivating the existing lock canal,
2. Providing a bypass on Route 10, and
3. Constructing a second sea-level channel either along Route 10 or generally alcng

the trace of the existing canal (Route 14).

Reactivating the lock canal would permit a total of at least 60,000 annual transits;
addition of a bypass to the sea-level channel on Route 10 would permit approximately
56,000 annual thansits; Route 10 with a bypass in combination with the existing lock canal
would permit at least 80,000 annual transits; a seconO sea-level channel would permit well in
excess of 100,000 annual transits.

This flexibility in future canal possibilities, providing as it would maximum transits and
other economic benefits, would be as advantageous to Panama as to the United States. Such
a system should be welcomed also by all canal-using nations as indicative of the intent of the
United States and Panama to ensure adequate canal capacity indefinitely.

The Stanford Research Institute's evaluations of the economic impacts of various
sea-level canals showed that the combined operation of the old and new canals would be the
most beneficial to Panama of all the plans considered. Appropriate Canal Zone facilities
would continue to be used by the canal system operating authorities to administer and
support canal-system operations and the Canal Zone military bases would continue in
essentially the present status for defense. In addition, however, maintenance of the old canal
in service, or even on a standby status, would create, directly and indirectly, more jobs for
Panamanians than would a sea-level canal on Route 10 alone and would ganerate greater
foreign exchange earnings for Panama.

Adoption of the system concept would not foreclose relinquishment to Panama of
excess Canal Zone properties such as contemplated in the 1967 drait treaties. Zone water
resources, unneeded facilities, and excess land areas that could be made available to Panama
were a sea-level canal operated alone on Route 10, would be almost equally available were
the channels and locks of the existing canal maintained for reactivation when needed.

The defense advantages of a sea-level canal on Route 10 have been discussed above.
These advantages would be somewhat greater in the canal system as envisioned because the
present canal would be useful if the sea-level canal were blocked. Defense of the standby
canal should cause no major additional problems. The existing military bases are already
suitably sited, and the forces planned for the defense of Route 10 could, with acceptable
risks, provide protection for the standby faci.lities. In periods of increased tension, defense
forces could be augmented as necessary.
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CHAPTER VIII

FINANCIAL FEASIBILITY

The financial feasibility of the sea-level Isthmian Canal is dependent on a number of
variables, none of which can with confidence be assigned a value. The Commission had to
consider a range of values for some and make reasonable assumptions for others as described
in this Chapter. Detailed discussions of these matters and financial analyses of sea-level canal
arrangements and the third-locks alternative are contained in Annex 111, Study of Canal
Finance. The discussion in this Chapter is directed primarily to the financial feasibility of
construction of a sea-level canal on Route 10 that would be operated in conjunction with
the existing Panama Canal as a single system.

Considerations for Financial Analyses
Revenues
Revenues expected from tolls on a sea-level canal at current toll rates and the maximum

potential under an increased toll schedule are summarized in Table 18:

TABLE 18

FORECASTS OF SEA-LEVEL CANAL REVENUES
Millions of Dollars

Potential Tonnage Low Growth
Forecast Forecast

Current Maximum Current Maximum
Fiscal Year Tolls Tolls Tolls Tolls

1990 205 287 185 259
2000 290 406 215 301
2010 391 546 235 329
2020 500 700 264 370
2030 577 811 282 392
2040 605 847 313 440

Costb of Operations
The Panama Canal Company and Canal Zone Government now conduct many

revenue-producing activities no, directly connected with operating and maintaining the
canal. ThiL costs of these operations taken together approximately equal their total revenues.
Government functions, such as police and education, are financed from general revenues.
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In estimating the operating costs of a sea-level canal, the Commission included only
those activities directly associated with canal operation and maintenance, including
administrative overhead. Commercial and government activities were assumed to be neither
a cost nor a source of revenue in sea-level canal operations.

Payment to Host Country
The unratified 1967 draft of a treaty with Panama for the continued operation of the

present canal would have replaced the 1955 Treaty provision for a fixed $1,930,000 annuity
to Panama with royalty payments for each long ton of cargo transported through the canal.
The draft suggested that the royalty payment start at 17 cents per long ton of cargo and rise
I cent annually for 5 years to 22 cents per long ton, at which level it would remain. This
1967 plan has recently been rejected by Panama and is in no way binding upon the United
States. The Commission, however, used, for purposes of comparison, the suggested royalty
payments as one possible compensation arrangement in estimating the total cost of
operating a sea-level canal in Panama.

The level of host-country compensation that might be required for a canal in Colombia
cannot be established until the United States is prepared to discuss detailed canal treaty
terms with the government of that country. Meaningful estimates of the operating revenues
of a sea-level canal in Colombia require assumptions as to what use would be made of the
existing canal subsequent to the opening of the new canal. The Commission could find no
basis for such assumptions and hence was unable to make a financial analysis of a sea-level
canal on Route 25, except to recognize that competition by the existing Panama Canal
could make it impossible for the new canal to meet operating costs and debt service charges
from revenues.

Inflation
The inflation of costs over time is an established trend that cannot be disregarded in

financial analyses of prospective sea-level canals. Maintenance of the Panama Canal tolls at
the same dollar level for more than a half a century was made possible only by political
decisions that reduced costs funded from tolls. Similar decisions could be made in financing
a new canal, but they were not assumed in developing the financial analyses in Annex III,
Study of Canal Finance.

A self-amortizing sea-level canal would require provisions in its financial plan to
compensate for the effects of inflation. However, reliable estimates of the effects of
inflation on costs and revenues for a 75-year period into the future are not possible;
attempting to incoiporate them would not add to the validity of the financial analyses. The
conclusion was reached in the evaluation of the toll revenue potential of a sea-level canal in
Annex IV, Study of Interoceanic and Intercoastal Shipping, that costs of alternatives to
using the canal will tend to increase in parallel with increases in canal costs, and toils could
be increased in proportion without discouraging traffic growth materially. Therefore, the
assumption was made that future tolls would be increased periodically in proportion to
inflation of costs. All estimated costs and revenues, therefore, are stated in 1970 dollars.

Cornstruction and Amortization Periods
Estimated construction periods vary only slightly among canal routes, but estimates of

the time required for negotiations with me host country and the passage of appropriate
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legislation can only be approxiniations. The Commission has assumed that the time from the
date of decision to construct a sea-level canal to the date of its opening would be 15 years,
regardless of the route chosen.

The 1967 draft treaties with Panama suggested 60 years of United States control of a
sea-level canal after its opening. Inasmuch as a longer period would not materially change
amortization prospects, the Commimqion selected 60 years as an appropriate period for
financial analyses.

Interest Rates
The discount rate on the investment in a new sea-level canal will be a major determinant

of its financial feasibility. The interest on the debt of the present canal to the United States
Treasury is assessed at the average rate of all of its outstanding debt, computed for Fiscal
Year 1969 to be 3.69 per cent per annum. In Fiscal Year 1970 the interest rate used in
analyzing federally financed water resources projects was 5.5 per cent. At the time of
preparation of this report, however, long-term United States Government bonds were selling
in the open market at yields in the neighborhood of 7 per cent. The Study of Canal Finance
(Annex i11) suggests no basis for an early decline in interest rates, although the current rate
is historically high. The Commission considers 6 per cent per annum to be a reasonable
estimate of minimum long-term financing costs of sea-level canal investments that would be
spread over a 15-year period. However, the effects of a range of interest rates up to 12 per
cent are analyzed in Annex III.

Debt of the Panama Canal
Two assumptions were made regarding the interest-bearir.,, lebt to the United States

Treasury of the Panama Canal Company:
1. The debt would continue to be an obligation of a new canal operating authority

that controlled both the existing canal and a sea-level canal as a single system;
2. The debt would be written off if the sea-level canal operating authority did not

control the old canal and the new canal were operated as a separate entity.

Financial Analyses of Canal Alternatives
The annual rate of expenditure for construction of a sea-level canal should not

materially exceed $300 million in any year and would average about $200 million per year
over a 15-year construction period. These annual capital expenditures, together with ;,-terest
charges, could in some circumstances accumulate to a debt of such magnitude that
repayment from canal revenues would not be possible. Although self-amortization has not
been required of the present canal, the Commission's financial analyses of the sea-1i.vt :.al
alternatives were designed to determine what combinations of operating costs, payments to
the host country, interest rates, canal opening dates, traffic levels, and toll rates would
permit recovery of capital costs from toll revenues. These analyses also permit estimation of
the capital costs that might have to be writtn off for other objectives.

The finnancial prospects of sea-level cana, alternatives were examined by the Interdepart-
mental Study Group on Canal Finance from two different viewpoints. One approach treated
the old and new canals as commercial enterprises to determine whether investment in the
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new capacity could be justified economically solely by the additional business it could
generate. Investment in a sea-level canal cannot be justified on this basis.

The second approach, that considered by the Commission to be the appropriate one,
was to determine whether a sea-level canal could be operated on a self-amortizing basis by
crediting it with total revenues rather than only those in excess of what might be produced
by the existing canal. Analyses also were made of the amortization prospects of a third lane
of locks for the existing canal. The results of these analyses are summarized in Table 19 for
three alternatives: Route 15 - Lock Canal; Route 10 - Sea-Level Canal as a separate entity;
and Route 10 operated as a system in conjunction with the present canal. The analyses of
Route 10 as part of a system are set forth for two conditions: changes in toll rates being
made at the time the canal goes into operation, and as of the time construction is started.

In each case, the annual costs of operation were taken to be those set forth in Annex V,
Study of Engineering Feasibility, and allowance was made for payments to Panama of $0.22
per cargo ton in 1976 and thereafter during the period required for amortization of the
capital costs. It was also assumed in each case that all capital costs and interest charges
would be amorized from toll revenues.

It was further assumed in the financial analyses of the combination of a sea-level canal
on Route 10 and the existing lock canal that the current debt of the Panama Canal
Company would also be amortized from toll revenues of this system.

The effects of possible modifications of these assumptions are discussed near the end of
this Chapter.

If the sea-level canal on Route 10 were operated as a unit of a system including the
Panama Canal, the prospects of amortization would be improved greatly. For example:

1. If the interest rate were 6 per cent and the opening date of the canal were deferred
until 1995, no increase in toils above the present level would be necessary,
provided the potential growth of traffic were realized;

2. If traffic were to grow at the low rate, and the average toll were raised to $1.20 per
ton with the interest on the debt at 6 per cent per annum, it would only be
necessary to defer opening the canal until 2000.

The foregoing analyses of' the requirements for amortization have all been based on
canal tolls being held at an average of $0.884 per cargo ton until the opening date of a new
canal. If, on the other hand, canal tolls should be held at this level only until start of new
construction of a canal on Route 10, the requisite average level of tolls would be reduced
materially below those required under the previous assumption. Thus:

1. If the potential growth of traffic were to be realized, and the interest rate were 6
per cent per annum, the average toll would have to be only $0.94 per ton if the
new canal were opened in 1990;

2. If the opening of the canal were deferred until 1995, no increase above the present
level should be necessary under these conditions.

However, if only the low traffic growth rate should be realized, some increase in the
average toll would be necessary under any likely combination of interest rates and times of
opening of the canal. Fc .xample:

I. If Route 10 were completed in 1990 and operated as part of a system and tolls
were increased when construction wvas initiated, the average required toll would be
$1.19 per tort;
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TABLE 19

AVERAGE TOLL REVENUES PER LONG TON OF CARG3 REQUIRED
FOR AMORTIZATION OF CAPITAL COST IN 60 YEARS

WHILE PAYING PANAMA A ROYALTY OF $0.22 ON EACH TON

Traffic Canal Average Annual Interest on Debt
Growth Opening

Canal Route Rate Date 4% 5% 6% 7% 8%

Route 15 1990 $0.65 0.74 0.83 0.95 1.10
New Locks Potential 1995 0.58 0.63 0.71 0.81 0.95
$1.53 Billion (1) 2000 0.49 0.52 0.59 0.67 0.80
Capital cost 1990 0.87 0.98 1.10 (a) (a)
Annex III Low 1995 0.79 0.88 0.99 1.20 (a)
Figure Al-24 (1) 2000 0.69 0.78 0.87 1.02 (a)

Route 10 1990 0.69 0.81 0.96 1.14 (a)
Sea-Level Potential 1995 0.65 0.75 0.87 1.02 1.22
by itself (1) 2000 0.62 0.70 0.81 0.93 1.07
$2.88 Billion 1990 0.98 1.20 (a) (a) (a)
Annex III Low 1995 0.97 1.15 (a) (a) (a)
Figure Al-i 2000 0.95 1.10 (a) (a) (a)

Route 10 1990 0.69 0.83 1.00 1:28 (a)
Sea-Level with Potential 1W95 0.CO 0.72 0.85 1.07 1.30
Panama Canal (1) 2000 0.53 0.60 0.71 0.85 1.07
$2.88 Billion 1990 0.98 1.24 (a) (a) (a)
Annex I II Low 1995 0.90 1.10 (a) (a) (a)
Figure A 1-2 (1) 2000 0.81 0.96 1.20 (a) (a)

Route 10 1990 0.73 0.83 0.94 1.0• 1.22
Sea-Level with Potential 1995 0.67 0.76 0.86 0.97 1.10
Panama Canal (2) 2000 0.61 0.68 0.77 0.88 0.98
$2.88 Billion 1990 0.95 1.05 1.19 (a) (a)
Annex III Low 1995 0.89 0.99 1.11 1.23 (a)
FigureA1-3 (2) 2000 0.83 092 1.03 1.14 1.26

(1) Canal tolls held at $0.884 per ton until canal opening date.
(2) Canal tolls held at $0.884 per ton until start of new construction.
(a) Required tolls exceed an average of $1.30 per ton, the rate estimated to produce

the maximum revenue from tolls.
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2. If the opening date were deferred until 1995, the required toll would be $1.11 per
ion;

3. If the opening were deferred until 2000, the required toll would be $1.03 per ton.
Some of the data given in Table 19 are also shown graphically hi Figures 42a, 42b, 43a,

and 43b, taken from Annex Il1, Study of Canal Finance.
It follows that, from a financial point of view, construction and operation of a sea-level

canal on Route 10 in conjunction with the Panama Canal would be preferable to
construction and operation of a sea-level canal on Route 10 as a separate entity; further, the
prospects of amortization of the capital cost would be enhanced by appropriate increases in
average toll revenues at the time of initiation of construction of a canal on Route 10.

Table 19 does not show the tolls required if a sea-level canal were built on Route 14,
but the values for .4 sea-level canal on Route 10 operated as a separate entity are
representative of the tolls that would have to be levied if the canal were built on Route 14.
The capital cost of the latter is only slightly greater than the capital cost for a canal on
Route 10.

It is also apparent from a tnancial standpoint that deferment of construction of any
new canal would be desirable, because such deferment would permit the payment of either a
higher rate of interest on the debt or a lower average level of tolls and still enable the capital
costs to be amortized in the first 60 years of operation of any new canal.

Cash Flow
Irrespective of the route or means that may be taken t orovide for increases in traffic

between the oceans, there will be a period during const.-ction when the expenditures
required will exceed all available revenues. Hence, at the end of the construction period a
substantial debt will have been accumulated. Thereafter, there will be further accumulations
of debt to the extent that the gross revenues from tolls are less than all costs of operation,
payments to the host country, and interest on the then existing debt. There will thus be a
net cash input until the revenues from tolls becomes sufficiently large to permit progressive
amortization of the peak debt.

The results of the calculations of the magnitude of the "peak debt" under different
conditions are shown in Table 20 for the case of a sea-level canal on Route 10 operated in
conjunction with the existing lock canal. The basic assumptions were again made that
payments to Panama would be at the rate of $0.22 per cargo ton and that all capital costs
and interest charges would be amortized from toll revenues. The variables in this tabulation
are the canal opening dates, the potential ao~d the low rates of traffic growth described in
Chapter I11, and a range of average toll rates per cargo ton. The toll rates in this tabulation
have been considered only as being in effect from the start of construction of a sea-level
canal on Route 10.

The peak debt arising out of construction of any other canal, or as influenced by any
other date or change from existing toll levels, differs from the values in this tabulation, but
the changes would be generally proportional. At interest rate of 6 per cent was used to
derive the values in Table 20; if some other rate of interest were used, the changes would
a!so be proportional.

It follows from these data that, from a financial point of view, it would be desirable to
duter construction of a new canal as long as practicable. For example: assuming an average
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TABLE 20

ESTIMATED PEAK DEBT AT 6 PER CENT FOR CONSTRUCTION OF
SEA-LEVEL CANAL ON ROUTE 10 OPERATED IN CONIUNCTION

WITH THE PANAMA CANAL

Low Traffic Growth Potential Traffic

Average Toll Per Canal Opening Date Canal Opening Date

Long Ton of Cargo 1990 1995 2000 1990 1995 2000

$0.80 Not Possible to Amortize Within 4.4
0.90 ')0 Years of Operation 4.9 3.3
1.00 5.2 3.6 2.7
1.10 3.6 2.6 L;.9 3.1 2.2
1.20 3.6 2.7 2.2 3.3 2.7 1.6
1.30 2.8 2.3 1.7 2.9 2.2 1.1

Notes: Debt shown in billions of dollars.
Toll rates assumed effective 15 years. ahead of opening date.
Initial construction cost: $2.88 billion.
Royalty payments at 22 cents per ton.
Operating costs per estimates in Annex V.

toll of $ 1.00 per cargo ton, interest at 6 per cent, and realization of potential traffic
revenues, the tabulation shows that in the first 10 years the peak debt would be reduced an
average of $250 million for each year of deferment beyond 1990.

Modified Premises
All of the calculations of requisite tolls in Table 19 and of the peak debt in Table 20

S.re based on two premises: payments to the host country would be 22 cents per cargo ton
after 1975, and all of the capital costs would be amortized with interest within 60 years
after the opening date of a new canal. Any modification of these would have an effect on
the tolls that would have to be collected and on the magnitude of the peak debt that would
accrue.

The royalty to be paid Panama could be at a different rate per cargo ton or the
payments could be computed on a different basis. Hence, in preparation of Figure 44, the
assumed amount of 22 cents per cargo ton has been eliminated in order to show the average
toll that would produce thie revenues needed to cover all costs of operation and to amortize
the capital cost.

If a sea-level canal on Route 10 were built to open in 1990 and the potential traffic
forecast were experienced, there would be full recovery of the $2.88 billion capital cost in
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60 years at 6 per cent interest, provided tolls were raised at the start of construction (1975)
to an average 96 cents per cargo ton (74 cents plus royalty payments to Panama of 22 cents
per ton). (Point 1, Figui•e 44). On the other hand, should the traffic growth follow the low
estimate of the Shipping Study Group only $ i.67 billion of the capital cost could be
amortized at the same toll rate. (Point 2, Figure 44). Under this condition, $1.21 billion of
the capital cost could not be amortized. This is one measure of the degree of risk.

Amortization of all capital costs from toll revenues places all of the burden of
amortization on canal users. There could be foreign policy or defense judgments that some
of this burden should be shifted by Federal contributions in aid of construction. In the
example just cited, this would amount to the write-off of $1. ! billion as non-reimbursable.
If only one-half of this amount were deemed properly non-reimbursable, ai.u if no higher
lew if tolls were practicable, amortization of the remaining capital cost ($2.28 billion)
would require that the payment to Panama be approximately 10 cents per cargo ton (96
cents minus 86 cents, Point 3, Figure 44).

Thus, if a decision or a commitment were made to complete a sea-level canal on Route
10 in 1990, tolls would h•'e to be raised under either traffic assumption to avoid capital
writýeoffs, and substantially in the event the low traffic growth should be experienced. A
start of operation in 1Q00 .arrits 'ihe attendant risk of `' need to subsidize the
construction with sizeable capital write-offs. Lesser payments to the host country, especially
in the early years, would help to lessen the amount.

Source of Funds
It is apparent from the Study of Canal Finance, Annex IIl, that the risks and

uncertainties of sea-level canal finance are such that private funding of construction costs
would not be feasible. The Commission concluded that responsibility for construction and
operation of a sea-level canal should be vested in an independent agency of the United
States Government and that construction be financed through appropriations by the
Congress. The finarcial burden on the United States might be reduced by international
participation. The prospects of obtaining such participation are discussed in the following
chapter.
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CHAPTER IX

MANAGEMENT OF SEA-LEVEL CANAL CONSTRUCTION AND
OPERATION

During the past twenty-five years, especially in periods of difficult United States-
Panamanian relations, prominent political leaders in the United States have suggesttd that
the Panama Canal be internationalized or inter-Americanized. They have suggested that an
international management authority would mitigate the anti-United States sentiment in
Panama that stems from our unilateral control of the Canal Zone and all operations within
it.

The (7ommi'nsion bdi;ves that iiit.ia, participation in the operation of the present
lock canal and in the financing and operation of a new sea-level canal under new treaty
arrangements mutually acceptable to the United States and Panama could eliminate many of
the important obstacles to harmonious relations and thus facilitate long-term protection of
the huge investment in the canal enterprise. In Latin America generally, such an
arrangement could be welcomed as a move toward adjusting United States national interests
to the cooperative goals of the inter-American system.

The cost of a new sea-level canal is so large and amortization of the debt is sufficiently
problematic that it is in the interest of the United States to obtain international financial
support for the enterprise. Prospects for attaining the cooperation of a subsantial number
of canal users are not bright, however. An Isthmian canal is of marginal importance to the
larger nations that now use the canal, with the possible exception of Japan. If additional
canal capacity were not provided in the future, all could use alternate routes. Since they no
doubt believe that the predominant United States economic and military interes's are such
that an adequate Isthmian crossing will be built and maintained without their participation,
they are likely to conclude that they can avoid financial and management responsibilities, as
well as the foreign policy problems that might arise from time to time. The Pacific Coast
nations of South and Central America, while greatly dependent on an efficient Isthmian
crossing, are not in a position to make significant contributions t' ial construction.

Panama has historically resisted multi-national participa'ic spite the discouraging
obstacles, however, internationalization should continue to be a goal of the United States,
but not an inflexible condition of our canal policy.

Management of Construction
Useful lessons can be drawn from the mistakes and successes of the three successive

Isthmian Canal Commissions appointed between 1904 and 1914 to build the present canal.
The management problems that initially plagued the buirmers of the Panama Canal stemmed
in part from lack of clear lines of authority b-.tween the President, the Commission, the
Chief Engineer, and the operating forces on the lsthraus. Operations were handicapped by
slow communications between the Commission in the United States and the operating
forces in Panama and the Commission's failure to delegate to its Chief Engineer the power
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of decision on relatively small matters. The final and effective solution adopted by President
Theodore Roosevelt was to appoint the same individual to the positions of Commission
Chairman and Chief Engineer.

There was also controversy over the merits of government-force construction versus
construction by private contractors. The Chairman/Chief Engineer, John F. Stevens, created
an effective construction force and saw no need to execute the project through contractors
as desired by the President. His resignation before this issue was resolved led to the
appointment of Colonel George Washington Goethals of the United States Army Engineers
as Chairman and Chief Engineer. Colonel Goethals, however, found Stevens' organization
thoroughly satisfactory and executed his plans relatively unchanged without resort to
contracting. Although Goethals and a number of his key subordinates were Army Engineers,

the organization that built the Pan="a Cc.;al r;niaied to the ind an autonomous civilian
agency of the Executive. Responsibility for its supervision at the Washington level was
delegated to the Secretary of War. Although never required by legislation, this practice
continues today in the operation of the Panama Canal.

Advances in the fields of engineering, sanitation, transportation, ,,nd communications
since Stevens and Goethals' time make canal building a different problem today. Private
construction contractors, separately or as joint ventures, now have the capabilities to build

very large projects. United States Government construction agencies have demonstrated in
peace and war the ability to manage large construction projects anywhere in the world. The
speed of modem transportation and communications makes insignificant the distance
between Washington and the Isthmus.

The major factors to be considered are:
- The construction agency would function over a perifid of 15 years or longer.
- The primary functions of the agency would be engineering design, management of

construction, and at the national level, coordination of the interests of all
government agencies concerned.

- Some form of host-country participation in the management agency seems
essential. Any construction of the magnitude of a sa-level canil could have major
impacts on the economy of the host country and on its relations with the United
States. Multi-national financing of construction, if undertaken, would entail further
obligations for international participation.

- Regardless of the management scheme employed, it is essential that flexibility be
allowed for the award of construction contracts for major units of the work.

- The construction agency should have the exemptions from taxation, import duties,
and employment restrictions needed to conduct its activities with the maximum
efficiency and at the minimum cost to the United States.

In the absence of major contributions by other nations in financing sea-level canal
construction, it is obvious that construction could be financed only by the United States
Government. In this event, it would be essential that construction be managed by an agency
of the Executive subject to the appropriation processes of the Congress. The logical choices
of management agencies for sea-level canml construction are two:

-- An autonomous agency such as was used for the first canal.
- The Department of the Army, working through the United States Army Corps of

Engineers.

102



An autonomous agency with no other mission would be preferable. The canal project
would be only one of many for the Corps of Engineers.

The national and international interests in a sea-level Isthmian canal are such that no
single United States Government department or other national agency has a dominant
interest. An autonomous agency would be the most practical arrangement for bringing
together the skills needed for the direction of so great a project without assigning
disproportionate responsibilities to an existing agency with other imnportant missions to
perform- It would facilitate the participation of private citizens and would lend itself to
foreign participation, if desired. The exact membership of the directing authoiity at the
national ;evel would be influenced by the treaty terms and financial arrangements finally
agreed upon for a new canal. Its membership should be limited in number with provision for
advisory participation by iepresentatives of the Departments of Defense and State, the host
couLitiy gc..ernineni, and thL operating authority of th•, preseat canal.

Management of Canal Oper 'ions
The management organization for operation of a sea-level canal in Panama, either alone

or as part of a canal system that included the existing canal, would inevitably evolve from
the existing canal operating authority. The Commission did not develop recommendations
for the organization of this new authority. Its responsibilities, functions, and methods of
operation will depend upon treaty arrangements yet to be negotiated and, thereafter, on a
choice of alternatives.

Advance Planning
The feasibiiity of constructing a sea-level Isthmian canal by the United States alone or

in cooperation with other nations cannot he finally determined in the absence of agreement
on treaties for both the old and new canals. Without a suitable treaty insuring the continued
protection of its interests, the United States cannot undertake construction of a new canal

or underwrite its construction. Without a treaty, there is no basis upon which the President
can propose canal construction legislation to the Congress.

P.,nding the establishment of suitable treaty conditions, planning for the management
of construction and operation of a new canal should be temporarily deferred. The earliest
date that greater canal capacity might be needed is approximately 1990, and need at that
date is not expected to be critical. With a planning and construction lead time of 15 years,
the earliest date at which decision might be needed is 1975. If canal traffic continues to
grow as forecast, and if suitable treaty arrangements have been negotiated and ratified, the
President should at that time, or as soon thereafter as he deems appropriate, consider
proposing sea-level canal construction legislation to the Congress.
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CHAPTER X

CONCLUSIONS AND RECOMMENDATIONS

A sea-level canal across the 4 nerican Isthmus has been sought for more than four
centuries, and all who have participated - the Spanish, the French, and the American
builders of the present lock canal - remained convinced that a sea-level canal ultimately
should be constructed. The canal studies in 1947, 1960, and 1964 arrived at the same
conclusion but counseled interim measures and postponement of construction.

Today there are rio techni ql obst-a-es :f saifficient magnitude to pnevent succecsful
construci."' rand ope, aion of a sea-level canal. Determination of its feasibility must be a
judgmei. of values, many of w1iich are unquantifiable. The political, economic, and milita.-y
advantages for the United States, the Western Hemisphere, and the world in an adequate and
secure Isthmian canal cannot be measured precisely. A weighing of estimated costs against
estimated revenue is only one measure, and a tenuous one at best. The most critical
elements - the treaty arrangements for canal construction, operation, and defense - remain
to be established. Nevertheless, the Commission believes that the essential treaty conditions
are apparent, and on the basis of the many considerations discussed in this report a.id its
annexes, it has reached the following conclusions and recommendations:

Conclusions
1. The United States, as the major Western Hemisphere power has the responsibility

of insuring the continued availability of an aJequate and secure Isthmian canal
operated on a neutral and equitable basis. This obligation is iecognized in United
States treaty agreements with the United Kingdom, Panama, and Colombia.

2. The Panama Canal is of major importance to the defense of :he United States. The
United States should retain an absolute right to defend the present canai and any
new Isthmian canal system for the foreseeable future.

3. An adequate Isthmian canal is of great economic value to many nations, but
especially to the United States since approximately 70 per cent of the tonnage
through the canal in recent years has been to, from, or between United States
ports. This relationship is expected to continue.

4. The size limitations of the existing Panama Canal impose constraints upon the use
of bulk carriers on canal routes. The worldwide trend to larger ships for movemnents
of bulk commodities will make these constraints of increasing economic signi-
ficance to United States and world trade as timen passes

5. The potential demand for annual transits of ships of the size that can pass through
the present canal probably will exceed its estimated maximum capacity of 26,800
annual transits during the last decade of this century. Saturation of the existing
canal will impose difficult but not necessarily intolerable constraints on world
shipping. If greater canal capacity for both numbers of transits and larger ships is
not provided, potential traffic increasingly will be diverted to larger ships on
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alternate routes and to other transportation modes. Provision of additional canal
capacity would be advantageous to th., continued growth of United States and
world trade.

6. Initial construction of additional canal capacity should provide for handling ships
up to 150,000 DWI'. New locks designed for such ships would have no greater size
capacity, but a sea-level canal that could accommodate 150,000 DWT ships

routinely could accommodate 250,000 DWT ships under controfled conditions.
7. The new capacity that should be provided initially is 35,000 annual transits. Any

plan adopted should not preclude progressive expansion to ;louble or even triple
this capacity.

8. A total canal capacity of at ieat .,5,000 annual transits could be provided by
cunstructing a third lane of locks for the present canal. This would be a temporary
solution without significant military advantages, and it would not relieve the
problems in United States-Panamanian relations that derive from the personnel and
defense requirements of the lock canal. The augmented capacity could be exceeded
by demand for transits soon after the new locks weie built. Locks capable of
accommodating ships of 150,000 DWT would cost more than three-fifths as much
as a sea-level canal of far greater capacity and would not be capable of transiting
the Navy's angle-deck aircraft carriers. Additional locks would also increase the
operating costs of the canal far above those of a sea-level canal.

9. A sea-level .nal would provide a significant improvemrnt in the ability of an
Isthmian waterway to support military operations both in its lessened vulnerability
to interruption by hostile action and in its ability to transit large aircraft carriers
that cannot now pass through the Panama Canal. These military advantages of a
sea-level canal, together with its capacity to meet the potential demand for transits
over a much longer period, and its lesser operating costs, would more than
counter-balance the lower construction cost of augmenting the existing canal with
larger locks.

10. The technical feasibility of the use of nuclear explosivws for sea-level canal
excavation has not been established. Whether the technology can be perfected and
the international treaty obstacles to its use removed are not now predictable.
Removal of the technical and treaty obstacles to employment of nuclear
excavation would still leave major political and economic obstacles to a sea-level
canal remote from Panama's population centers. A sea-level canal on Route 17,
excavated wholly or in part by nuclear explosions, is currently infeasible for
manifold reasons and probably will remain so, regardless of the establishment of
technical feasibility of nuclear excavation. A sea-level canal cxcavated partially by
n" :lear methods on Route 25 in Colombia might someday be politically acceptable
if proved technically feasible.

II. A sea-level canal in Panama constructed by conventional excavation either on
Route 10 or Route 14 is technically feasible.

12. Route 10 is the most advantageous sea-level canal route
13. Although available evidence indicates that the tidal cuirents expected in a sea-level

canal without tidal control structures c)ild be navigated safely by most ships, tidal
gates could inc'ease navigation safety and should be provided.
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14. A conventionally excavated sea-level canal on Route 1( Midal gates, capable of
accommodating at least 35,000 transits each year of rep- atative mixes of ships
of the world fleet up to 1 50,000 DWT, would cost $2.b6 billion to construct at
1970 prices.

15. The costs and revenues of a future sea-level canal cannot be forecast reliably over
the 75-year period that might be needed for its construction and amortization.
Amor.g the critical factors are the cost of money and the stability of the value of
money. If the old and new canals were financially int'ýgrated at initiation of new
constructi:,n, and if the most favorable fore.,dst develo-',ments in construction
costs. rc•~nucs, and interest rates were rea!2zed, a sea-"' ,1 canal opening in 1990
could be financed through tolls while payfi:g reasonable royalties to Panama. Less
favorable developments in future costs and revenues which art; possile during the
period would make amortization through tolls impracticabie. Amortization could
require toll increases over the present Panama Canal levels as well as adWitional
periodic increases to compensate for inflation of future costs. Low interest rates or
low royalties would facilitate financing larger investments and permit lower tolls.
Conversely, high interest rates, high royalties, or tolls lower than economically
justified would reduce the construction investment that might be amortized from
tolls.

16. A variable pricing system for tolls designed to meet the competition of alternatives
to the canal would attract the most traffic and 6;.nerate the greatest revenrus in a'
future canal of any type, lock or sea-level.

17. Assurance of recovery of the United States investment is desirable, buW need not he
the sole determinant of United States canal policy. The decision to build or not to
build a sea-level canal should also take into account economic, political, and
military factors.

18. Although true internationalization of a future sea-level Isthmian canal does not
appear to be attainable, multi-national participation in its financing and manage-
ment could be financially and politically advantageous. The United States should
seek such participation within a bi-national treaty with Panama, but not make
future United States canal policy dependent upon its attainment.

19. United States relations with Panama covld be improved by progressive reduction of
the number of United States personnel in the ranal operating authority and a
concomitant increase in the proportion of Pana'ianian personnel in the positions
norrna'y occupied by United States citizens. Construction of a sea-level canal
would facilitate reduction of the United States presence in that it could be
operated and defended with fewer total personnel.

20. Construction of a sea-level canal on Route 10 or Route 14 would create great
economic benefits for Panama. Of the alternativts considered, the greatest benefits
in added employment and foreign exchange earnings for Panama would be derived
from con~structiona of a sea-level canal on Routo 10 and operating it together with

the existing canal as a single system.
21. United States canal objectives and enduring tranquil relations with Panama are

most likely of attainment under a treaty arrangement which gives Panama a greater
role in the canal ent:rprise than at present and justifiable economic benefits from
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canal activities, but the United States should retain effective control of canal
operations.

22. So far as the Commission is able to determine on the basis of limited studies,
linking the oceans at sea-level would not endanger commercial or sport fish on
either ,'ide of the American Isthmus. No significant physica! changes to the
environment appear proibsble outside the immediate areas of excavation and spoil
disposal. Tidal gates could be used to eliminate substantially the flow of water
between the oceans, and the wgze, between the gates would have incidental
temperature and salinity differences from either ocean that would constitute a
limited barrier to transfer of nmarine life. A definitive and reliable prediction of all
ecological effects of a sca-level canal is not possible. The potential for transfer of
Yarmful biota and hybridization o,,, displacment of species in both oceans exists but
the risks in-,olved appear to be acceptable. Long-term studies starting before
construction is initiateC arnd concinuing many years beyond the opening of a
sea-level uanal would be required to measure ecological effects.

23. A decision to construct a sea-level canal should allow for planning and construction
lead time of approximately 15 year, to meet the piojected date of need, which can
be fixed with increasing confidenec as it draws nearer. Other factors, however,
including the treaty terms with Panama that are ultimately negotiatec ... d ratified.
as well as the nationai priorities for Federal financing then existing, should be the
final determinants of whether the President should propose sca-level cartal
legisiaticr, to the Cong'ess.

24. Construction of a sea-'evel canal, if financed princially by the United States,
should bt pla ..led and carried out under the direction of an autonomous authority
of tbe United States Czrnrmnat.

Recommendations
Th.- Atlantic-Pacific Interoceanic Canal Study Commission* recommends that:

1. Any new canal treaty arrangement with the Republic o' Panama provide for:
a. Creation of aa IsthmL it caual system including both the existing Panama Canal

and a sea-level _ansl on Route 10, operated and defended in an equitable and
mutually acceptable 'ationship between t 'ie United States and Panama.

b. Canal op,-rating an "ense areas ,1iat includc both the existing Panama Canal
and Route 10.c. Effective control of canal operationt nd right of defense of the canal system

and canal areas by the United states, with such provisions for Panamanian
participation as are determined by negot'iition to be mutually acceptable and
consistent with other recommendations herein.

d. Acquisition of the Route 10 right-of-Aiy by the canal sysAem operating
authority as soon as practicable.

$Chairman mobert B. Andeison, becausc he i also Special Representative of tht Usrtcd Stales for United States-Pan _m%
R~elations, dism.ociated ILimself from Recomm Mlation 1. which conrern3 new treat. )ffange:ments with tiae Gov/ernmit
of Phanama.
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2. The canal system be operated to provide an equitable share of revenues and other
economic benefits for Panama consistent with efficiency of canal operationis,
financial health of the enterprise, and maintenance of toll levels that permit
effective competition with alternatives to the canal.

3. Other nations be encouraged to participate in financing the canal system, if such
multi-national participation is acceptable to the Government of Panama.

4. Subject to the priority of more important national requirements at the time, the
United States initiate construction of a sea-level canal on Route 10 no later than 15
years in advance of the estimated saturation date of the present canal, now
projected to occur during the last decade of this century.

5. When the rights and obligations of the United States under new treaties with
Panama are established, the President reevaluate the need for and desirability of
additional canal capacity in the light of canal traffic and other developments
subsequent to 1970, and take such further steps in planning the construction of a
sea-level canal on Route 10 as are then deemed appropriate.

6. Modernization of the existing canal to provide its maximum potential transit
capacity be acc:omplished, but no additional locks be constructed.

7. The United Stat-s pursue development of the nucleat excavation technology, but
not postpone Isthmi,*,_ canal policy decisions becav-e. of the possible establishment
of feasibility of nuclear exL,,ation at some later date.

8. The following studies initiated .: the course of the Commission's investigation, if
not otherwise completed beforehand, be continued to completion by the control
authority of the new canal system if such an authority is established and the Route
1 0 right-of-way acquired:
a. Investigation of the subsurface geology of the proposed trace of Route 10 to

permit selection of the exact alinement for design purposes.
b. Investigation of slope stability applicable to Route 10 geologic conditions.
c. Investigation into the hydrodynamics of large ships moving through confined

waters with variable currents.
9. A permanent agency of the Executive be designated to support and coordinate

public and private resear 7h activities that could contribute to the evaluation of the
poten.. environmental effects of a sea-level canal, and if the decision is made to
initiate its construction, advisc the President as to the organization fo. _:: funding
of such additional research as might be required to reach definitive conclusions.
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ENCLOSURE 1

COMMISSION AUTHORIZING LEGISLATION

Public Law 88-609, 88th Congress, S. 2701, September 22, 1964, 78 Stat. 990, as
amended by: Public Law 89-453, 89th Congress, S. 2469, June 17, 1965, 80 Stat. 203;
Public Law 90-244, 90th Congress, S. 1566, January 2, 1968, 81 Stat. 781; and, Public Law
90-359, 90th Congress, H.R. 15190, June 22, 1968, 82 Stat. 249:

AN ACT

To provide for an investigation and study to determine a site for the construction of a
sea level canal connecting the Atlantic and Pacific Oceans.

Be it enacted by the Senate and House of Representatives of the United States of
America in Congress assembled, That the President is authorized to appoint a Commission
to be composed of five men from private life, to make a full and complete in% ustigation and
study, including necessary on-site surveys, and considering national defense, foreign
relations, intercoastal shipping, interoceanic shipping, and such other matters as they may
determine to be important, for the purpose of determininp the feasibility of, and the most
suitable site for, the construction of a sea level canal connecting the Atlantic and Pacific
Oceans; the best means i')f constructing such a canal, whether by conventional or nuclear
excavation, and the estim.aqted cost thereof. The President shall designate as Chairman one of
the members of the Commission.

Sec. 2. (a) id. order to carry out the purposes of this Act, the Commission may-
(1) utilize the facilities of any department, agency or instrumentality of the

executive branch of the United States Government;
(2) employ services as authorized by section 15 of the Act of August 2, 1946 (5

U.3.C. 55a), at rates for individuals not in excess of $100 per diem;
(b) The members of the Commission, including the Chairman, shall receive

compensation at tl e rate of $100 per diem. The members of the Commission, including the
Chahiman, shall receive travel expenses as authorized by law (5 U.S.C. 73b-2) for persons
employed intermittently.

Sec. 3. The Commission .hall report to the President for transmittal to Congress on
July 31, 1965, with respect to its progress, and each year thereffter until the completion of
its duties. 1"he President shall submit such recommendations to the Congress as he deems
advisable. The Commission shall continue until the President determines that its duties are
completed, but not later than December 1, 1970.

Sec. 4. There are hereby authorized to be appropriated without fiscal year limitation
such amounts as may be necessary to carry out the provisions of this act, not to exceed
$24,000,000.

Preceding page blank 113



ENCLOSURE 2

REPORT OF THE

TECHNICAL ASSOCIATES FOR
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TECHNICAL ASSOCIATES FOR GEOLOGY, SLOPE STABILITY
AND FOUNDATIONS

OF THE
ATLANTIC-PACIFIC INTEROCEANIC

CANAL STUDY COMMISSION

CONSULTING GEOLOGISTS CONSULTING ENGINEERS
FRANK A. NICKELL - San Mateo, Calif. ARTHUR CASAGRANDE - Cambridge, Mass.
ROGER RHOADES - San Francisco, Calif. PHILIP C. RUTLEDGE - New York, N.Y.
THOMAS F. THOMPSON - Reno, Nevada

March 2, 1970

Mr. Robert B. Anderson, Chairman
Atlantic-Pacific Interoccanic Canal Study Commission
726 Jackson Place, N.W.
Washington, D.C. 20506

RE: COMPARISONS OF

INTEROCEANIC CANAL ROUTES

Dear Mr. Chairman:

The scope and organization of the following report result from discussions during the
meeting with Commissioners Hill and Fields in San Francisco on January 28 and 29, 1970.
It consists of two main sections, one concerned with Routes 17 and 25 that require nuclear
excavation and the other with Routes 10, 14C and 14S that wuld be constructed wholly
by conventional excavation. The concepts and conclusions have evolved from association
with the investigation since its beginning in 1965 and frcm continuous review of the
extensive investigations and reports of the Corps of Engineers' study groups. Detailed
technical recommendations, which were reported to the Corps of Engineers periodically
during the study, are not repeated here;n.

The comparisons between routes have been based on considerations of geology and
engineering related to design and construction of a canal, in light of the existing state of
knowledge of effects on slope stability, to result in an evaluation of the relative merits,
disadvantages, uncertainties and risks of routes for a sea-level interoceanic canal. In the first
main section Routes 17 ard 25 are compared assuming feasibility of nuclear excavation and
the feasibility assumptioi, is then considered. In the second section comparisons ol
conventional excavation routes are made between Route 10 and Routes 14C and 14S and
then between 'he latter two routes within the Canal Zone.
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ROUTES REQUIRING NUCLEAR EXCAVATION OVER
PORTIONS OF THEIR LENGTH

Routes 17 and 25 require nuclear excavation of very deep cuts through the
mountainous sections to make them economically feasible. These routes are first compared
in their entirety and then the feasibility of nuclear excavation for canal construction is
discussed. Assuming that nuclear excavation is feasible, comparison of Routes 17 and 25
logically divides itself into the mountainous sections requiring nuclear excavation, the
lower-lying sections excavated by conventional methods, and requirements for diversion of
flood waters.

(1) Mountainous Sections

The continental divide on Route 17 is near the Atlantic side and is near the Pacific on
Route 25. The highest elevations are roughly the same but the length of high elevation for
Route 25 is somewhat less. The geology and basic types of rocks are similar and will permit
relatively steep excavation slopes such as might be produced by nuclear blasting.

On Route 25 it seems possible for reasons of geology that nuclear excavation could be
extended farther to the east than shown on the construction plan, thereby reducing the
requirement for more costly con,entional excavation.

On Route 17 there is a second high ground section near the Pacific entrance. This
presents two distinct disadvantages; first, the geologic structure of the Pacific highland is
more complicated than in the continental divide and the rocks are less competent, creating
some uncertainty as to stabi1ty of slopes produced by nuclear excavation; and second, the
two separated sections requiring nuclear excavation doubles the number of interfaces with
conventional excavation sections. Such interfaces and transition zones between the two
types of excavation introduce uncertainties into design and construction. Design problems
include: (I) the selection of the points where the transition can safely be made, and (2)
determination of stable slopes for the transitions. Construction problems exist in extending
conventional excavation into the deep masses of broken rock created by larger nuclear
explosions.

In balance, the problems of nuclear excavation are less on Route 25 and this route is
the more favorable for nuclear construction if and when t'easibiliiy of the method can be
established.

t2) Conventional Excavation Sections

Route 17 includes a length of about twenty miles across th- Chucunaque Valley where
the average ground surface is about Elev. 200. The underlying rocks are clay shales of the
Sabana beds in which the possibility of creating stable slopes by nuclear excavation
procedures is very unlikely. In fact, proper slopes for conventional excavation would have to
be developed for these weak rocks and some trial excavations would be required to establish
economical safe slopes. In addition, it is not yet known how far the weaker rocks of
formations bordering the Sabana Beds extend into the foothills of the Atla tic and Pacific
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divide sections but geologically it seems possible that conventional excavation might have to
extend into relatively high ground, further increasing difficulties and costs.

In comparison, Route 25 has a length of eighty miles across the Atrato Swamps but the
surface elevation for most of this length is close to sea level. Generally, the materials for the
full depth of the canal prism are soft organic deposits and unconsolidated soils which can be
removed by hydraulic dredging. Techniques for building a canal in such materials are well
established, no unprecedented methods are required, and no significant difficulties are
anticipated. It would also be easy to widen or to divide the canal into separate channels in
this section if sufficient space is left between protective levees in the initial planning.

In summary, the greater length of conventional excavation on Route 25 is more than
offset by absence of grave uncertainties in de& Jn and construction as compared with Route
17.

(3) Flood Diversion Requirements

Route 25 has the disadvantage of large volume rivers with heavy silt loads 1lowing
toward the alignment in its lower reaches. These flows would create unacceptable conditions
in the sea-level canal; large and long tlood diversion channels are required on both sides of
the canal to carry the flood waters to safe discharge into the Atlantic, particularly on the
east side where the flood channel for the Atrato River approaches the size of the canal itself.
The penalty lies in volume of required excavation and cost, but no particular design and
construction difficulties are anticipated.

Head water river l~ows on Route 25 will enter the canal but the volumes of flow are
small and no particular difficulties are anticipated. On Route 17 it is planned to drop the
flows of the Sabana and Chucunaque Rivers into the canal. The flood flows here are
somewhat larger than the head water river flows into Route 25 and the silt load is expected'
definitely to be larger, creating a requirement for maintenance dredging in the Route 17
channel. No particular difficulties are anticipated in developing a design for safe dissipation
of energy where the waters of these rivers are dropped into the canal.

Feasibility of Nuclear Excavation

Feasibility of excavation by nuclear explosions is discussed in terms of: (1) the present
situation, i.e. the possibility of its being used with assurance for interoceanic canal
construction within the next ten years, (2) the requirements for a continuing program of
nuclear testing to assure future feasibility; and (3) the possibilities of future applicability to
weak rocks such bs the clay shales of the Chucunaque Valley. These discussions apply
exclusively to the physical development and configuration cf craters which woild result in a
usable canal and exclude all other effects of nuclear explosibns such as seismic, air blast, and
radiological hazards.

(I) Present Feasibility

The Technical Associates are in unanimous agreement that the techniques for nuclear
excavation of an interoceanic canal cannot be developed for any construction that would be
planned to begin within the next ten years.
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The reasons for this opinion are:
•L. Extension of the scaling relations now established by tests to the much higher yield

explosions is too indefinite for assured design and the "enhancement" effects due
to saturated rocks and row charge effects now assumed have not been proved by
large scale tests. There: is a definite possibility of a major change in the mecharnics
and shape of the crater formed by the much higher yield explosions required for
the canal excavations as compared to extrapolations from the relatively small-scale
tests carried out to date.

b. The effects of the strength of rock on the stability of "fall-back" slopes and the
broken rock crater slopes projecting above the fall-back to the great heights
req-ired for an interoceanic canal have not yet been established.

Therefore, the Technical Associates conclude that nuclear excavation cannot
safely be considered as a technique for assured construction of an interoceanic
canal in the near future.

(2) Future Development

The ecornomic advantages of nuclear explosions for excavation of the very deep cuts
required by an iiteroceanic canal are so great that the present "Plowshare" program should
be continued, extended, and pursued vigorously until definitive answers are obtained.
Assured application of this technology to design and construction of an interoceanic canal
wil! require an orderly progression of tests up to full prototype size, including full-scale row
charge tests, in generally comparable rock types, terrain and environment. Such a program
may well require another ter to twenty years to establish whezher or not nuc!ear excavation
technology can be used with po.itive assurance of success for construction of a canal along
Routes 17 or 25.

(3) Application to Excavation in Clay Shales

A growing body of knowledge and experience indicates that high slopes in clay shales,
as in the Chucunaque Valley, or in more competent rocks underlaid by clay shalts, as in
parts of the existing canal, may have to be ve:.y flat for long-term stability and to avoid the
danger of massive slides in the first few years after excavation. Some attempts have been
made to produce such flat slopes by elaborate explosive techniques, such as over-excavation
in anticipation of siides, multiple row charges, and successive series of explosions or
"nibbling" techniques for application to problems such as construction of a !.'.a-level canal
across the Chucunaque Valley. The Technical Associates believe Ahis to be a highly
unpromising line of investigation :vith ininimal chances of devtloping procedures that cou;d
)e used with assurance in the foreseeable future.

ROUTES CONSTRUCTED BY CONVENTIONAL EXCAVATION

Routes which would be constructed wholly by conventional methods are Route 10
about ten miles to the west of the existing canal and general!, outside of the Canal Zone
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and Routes 14 Combined and 14 Separate both in the Canal Zcne and near the existing
canal. The relative advantages, disadvantages, risks and uncertainties will be discussed first as
between Route 10 and either of the Routes 14 and second as between Route 14C ana
Route 14S.

Experiences with slides in the excavated slopes of the existing canal near the
continental divide clearly demonstrate that achieving reasonably permanent slope stability is
a major problem and would be a large economic factor in the design and construction on

any of these routes. Comparisons herein are based primarily on uncertainties and risks of
instability of excavated slopes, with some attention to the mtability of structures and
excavation spoil placed on top of the soft Atlantic mucks of the Gatun LaKe area. All
comparisons relate to the alignments and excavation slopes presented in the final reports
prepared by the Corps of Engineers' study groups operating under the supervision of the
Engineering Agent. It is recognized that some of the risks discussed herein have been
partially compensated for by adoption of different slope design criteria for the three routes,
as earlier recommended by the Technical Associates. The following discussion pertains to
remainAng advantages, disadvantages, uncertainties and risks.

Comparison of Route 10 with Routes 14C and 14S

Route 10 has the following advantages: (a) it could be constructed and placed in
operation without hazard to or interferences with the existing lock canal which could be
maintained on a standby basis. A slide during construct'on or in the first few years of
operation, while undesirable, would not result in comp'.ie blockage of trans-isthmus ship
passages as it would on Route 14C or 14S. (b) A large part of Gatun Lake could be
maintained permanently at its present elevation by barrier dams, which would not be
particularly difficult to construct where Route 10 crosses th' lake. (c) By virtue of its
separation from the existing canal and Gatun Lake, a large part of the excavation could be
accomplished in the dry by well-established construction methods. (d) Large portions of the
tremendous volume of excavation spoil could be transported to the Pacific and Atlantic
Oceans for useful ,ons t aiction of breakwaters and for disposal with the least effect on the
err ironment. (e) The terrain lends itself well to economical construction of a ship by-pass
channel near the middle third of the length, if increases in traffic should make this
necessary. This is not po, ssible on Route 14.

A major disadvantage and uncertainty of Route 10 along the alignment presently
explored is that about eight miles of the length across the continental divide, the highest and
largest excavation voluine part of the route, appears to be underlain by soft altered volcanic
rocks at depths which would have major unfavorable effects on stability of excavation
slopes. There is no precedent of excavation experience for the slope stability characteristics
of these soft altered volcanics but results of laboratory testing indicate that they may be at
least ?r, weak as the cLzy shales which have caused severe iiope instability along the existing
canal. Thus, relatively flat excavation slopes have had to be assumed, even when adopting an
"obsetvational ap-.,roach- in which trial slopes would be excavated and observeu as full-scale
tests to determie th;, steepeqt sale slopes.

The critical geology and structure of the underlying formations or Route 10 is
completely masked by a thick basalt capping across the divide area. it mvst be assumed,
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however, that similar structures and faulting as along the existing canal unde'!ie the basalt.
Some geologic evidence indicates that lateral shifting of the alignment of the reach through
the continental divide, perhaps by a mile or so, might encounter more competent underlying
rocks. If so, the disadvantage of higher ter-ain might be more than compensated for by use
of steeper slopes, thereby reducing both excavation volumes and uncertainties. Therefore,
design studies for Route 1 0 should include explorations of offset alignments in search of the
best rock and geologic structure. This will require a very large number of core holes to
depict the geologic conditions adequately for reasonable design and will necessitate one or
more years' lead time for accomplishment of these required investigations. It is the
geological consensus, however, that dlesign explorations will not disclose subsurface
conditions that are worse than those along the line nw explored and which are reflected in
use of coniservative soft rock slopes for tile entire eight mile length.

Routes 14C and 14S have the advantages of more extensive and complete subsurface
and surface geological explorations in the area of the existing canal and of smaller
excavation volumes due to the generally lower topography. An exception is the crossing of
Gatun Lake it its widest point where barrier dams to establish differences in water levels
may require large excavations and massive quantities of fill. Their disadvantages are almost
certain interferences with operations of the existing canal during construction, complete loss
of the existing canal during and after conversion to a sea-i-le! canal, and loss of Gatun Lake
in its present form. There are also uncertainties and risks of major slides which are discnissed
more fully in the comparison between Routes 14C and 14S.

Comparison of Route 14C with Route 14S

(I) Slope Stability

In the continental divide section. Route 141 j' Ilves hazards of major slides which
could close the existing canal for long periods of time during construLtion of the new canal,
and which thereafter could block the sea-level canal, These hazards result from much deeper
cxcavations through sections where landslides have already been vactivated by construction
of the existing canal. They would be particularly serious during the period of '-pid
drawdown ,equired for conversion to a sea-level canal. While allowances for this hazard have
been made in recommendations for slope design, there still remain unknowns and
uncertainties concerning the effeLts of the rapid drawdown (in a period of about ten days)
on the stability of slopes where past sliding and stress readjustment have created mniijor
planes of weakness.

Gold Hill presents a particular hazard to Route 14C. Observational records indicate that
this rock na,;.; is moving erratically and is squeezing softer materials below its base upward
into tile ,\isting canal, it is believed that safe construction of Route 14C would require
unloading of" Gld lill which will significantly ",atease the volume of excavation.

By virtue of its N.wparation thro')ugh the critical divide cut length, the hazard of slides
blocking tIh e~xstii v canal are much less for Route 14S. It is possible that its excavation
could sti!i endanger the stability of Gold Hill but both the hazard and magnitude of any
corrc.tive unloading woould bhe -reatly reduced.
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(2) Excavation and Excavation Spoil

Due to its location contiguous to the existing canal, Route 14C requires underwater
excdvation of large volumes of rock, excavation to depths greater than 150 feet below the
operating water surface by construction procedures which are without precedent. In
addition, a large part of the divide cut excavation spoil would have to be hauled to disposal
in Gatun Lake which would drastically change the configuration of the residual lake. In
contrast, practically all of the divide cut excavation for Route 14S could be made in the dry
by methods for which there is ample precedent and a large part of the excavation spoil
could be disposed of in the Pacific.

Excavation spoil deposited in Gatun Lake, whether it be in the form of barrier dams or
non-functional waste areas, will rest on the soft Atlantic muck deposits forming the lake
bottom. Stability studies for barrier dams in the central portion of the lake have shown that
these weak materials create major dangers of massive slides during the rapid drawdown of
the lake to sea-level, which is certainly required on the canal side of any spoil piles. Thus,
regardless of the intended purpose of the spoil piles, very flat side slopes and all of the
protective measures incorporated in the design of barrier darns will be required wherever the
spoil is not confined by existing rock islands. This condition applies equally to Routes 14C
and 14S although, for the latter, the voluiries of spoil in the lake could be greatly reduced.

CONCLUSIONS AND RECOMMENDATIONS

On the basis of the considerations summarized in the preceding sections, the Technical
Associates for Geology, Slope Stzbility and Foundations have reached the following
conclusions and recomine-,'ations:

i. The physical feasibiiity of excavation of a sea-level canal by nuclear explosions is
not rnow estabiished. Therefore, nuclear excavation cannot be recommende. for
consideration for any canal that should enter construction within the next ten
years. However, if design and construction of a new interoceanic canal are to be
deferred one or more decades, nuclear excavation techniques hold promise of such
great economic idvantages that investigational and testing programs, as recom-
mended in this report, should be pursued vigorously, but with the following
exception. Attempts to excavate stable slopes in deep cuts in clay shale rocks by
explosive procedures are so unlikely to produce acceptable or safe results that
further investigations or tests in this direction are not recommended.

2, Assuming that nuclear excavation ik now a feasible assured construction technique
and in terms of the technical uncertainties and risks then remaining, the choic:e
between Route- 17 and 25 is decisively in favor of Route _5 in spite of its greater
length.

3. For routes constr!,cted by :onventional excavatioi. the advantage of Route 10
being separated Irom the existing canal far outweighs potential difficulties and
uncertainties in comparison with ROutes 14C and 14S. If this roiite is selected, the
Technical Associates recommend that the existing canal be maintained in in
operational condition for at least ten years after a new sepanrte car.al has been
placed in operation. By having the existing canal available in tile event of a
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temporary blockage of the new canal, Route 10 would justify economies which are
in', tent in an observational approach to the selection of design slopes, but which
involve some risk of slides after completion of construction.

4. If for reasons not considered herein a route within the Canal Zone is considered
imperative, constructicn of Route 14S introduces substantially fewer hazards and
uncertainties than Route 14C. Foute 14C would result in filling large portions of
the Gatun Lake area with excavation spoil, which is not necessary for Route 14S,
and has substantially increased hazards of canal blocking slides caused by the
drawdown oý wawter levels accompanying 'onversion to a sea-level canal. Major
geologic surprises are not anticipated on these routes.

5. A valid companson cannot be made between Routes 10, 14C and 14S, all of which
would be excavated entirely by conventional means, and Routes 17 and 25, both
of which require nuclear excavation for the planned construction. Nuclear
excavation is not yet a proven construction technique and there is no assurance
that construction plans and cost estimates based on present knowledge are valid.
Therefore, dollar cost comparisons at this time have no true significance. The
comparisons presented herein between Routes 17 and 25 :e based on the
assumption that assured feasibility of nuclear excavation can be developed by tests
over the next decade or two, at which time construction on itoute 25 might be
planned with some confidence. !f earlier construction of a sea-level canal should be
recommended by the Commission, ;t is urged that the route selection be restricted
to Routes 10 and 14S which can be constructed by nresently known techniques of

design and excavation.
The Technical Associates for Geology, Slope Stability and Foundations hope that this

report, based solely on technical considerations of risks, tncertainties and favorable aspects
of the several routes considered for a sea-level canal, will be of assistance to the Commission
in its final de"'berations and recommendations.

Respectfully submitted:

Arh CuasW&ds, Cisamult~ag MaSior

A&4&. Q.-

rra.,k A. ackdll, Consultig Geologist

# e" Consulting Geologit

PCR: hc d hAZ4 0 i
Thomai fr. ThwdpeoK.-. oui" oa-gost

124



ENCLOSURE 3

LETTER FROM THE

ATOMIC ENERGY COMMISSION

125



UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20545

July 7, 1Q70

Mr. Robert B. Anderson, Chairman
Atlantic-Pacific Interoceanic Canal Study Commission
Room 6217
726 Jackson Place, N.W.
Washington, D.C. 20506

Dear Chairman Anderson:

We were most pleased to have a report or, the last meeting of the Atlantic-Pacific
Interoceanic Canal Study Commission (CSC). With the tenure of CSC drawing to a close, we
believe this is an appripriate time for the Atomic Energy Commission to provide the CSC
with a brief status report concerning the work our laboratories have been doing in relation
to nuclear excavation and our current estimate concerning what can be accomplished vith
further investigations.

Since the establishment of the CSC we have oriented our nuclear excavation
experimental program so as to support the CSC studies and investigations. To date, we have
not been able to do all the experiments which would be required to make a determination
of the feasibility or infeasibility of using nuclear explosions for the excavation of the canals
,inder study by the CSC. It is thus clear that any decision made to construct a sea-level canal
.n the near future must be made without being able to rely on nuclear excavation.

While we have not developed the technology sufficiently to make a specific
determination of the feasibility of using nuclear explosions in the construction of a sea-level
canal, our laboratories have made great progress in understanding the cratering processes and
in designing explosives that minimize radioactivity. Some of their major technical
achievements have been:

I. Development of a basic understanding of crater mechanisms. This understanding
comes from theoretical studies, laboratory experimental work, and most impor-
tantly seven nuclear cratering experin.ents with yields ranging up to 100 KT. This
understanding provides a greater degree of confidence in the calculations now used
to design excavations, and also permits the specification of the important physical
properties of rocks which must be determined so as to make these calculations.

2. The first nuclear row charge experiment had dimensions and other characteristics
essentially as predicted.

3. ')evelopment of an understanding of seismic responsc through tests at the Nevada
Test Site, which now has exceeded one megaton yields with no adverse effects.

4. Reduction of the radioactivity associated with excavation projects. An explosive
specifically designed for excavation has been developed through a series of nine
tests. The last one was the FLASK experiment execz.Ated in Miy 1970 in which a

127
Preceding page blank



reduction of radioactivity, of a factor of five below our previous levels, was
achieved. Although it is too late to incorporate the encouraging results from
FLASK into the CSC studies, I believe that you will be pleased to know that if
nuclear explosions were to be considered at some future date for canal
construction the radk,;?ctivitv would be an even smaller problem than is indicated
in the reports presently being prepared for you.

5. Development of a predictive capability, through 2xtensive measurements on nuclear
cratering experiments, for the distribution of radioactivity in the fallback, ejecta,
fallout, and long-range difi'w.in.

However, some technical problems still iemain and require further work. While the
understanding of cratering has been experimentally determined up to 100 KT, it is necessary
to conduct experiments at yields up to a megaton. In addition, experiments are needed in
rock of the same type as that expected along the rcutes of the canal, namely hard,
water-saturated rock, and weak clay shales. Furthermore, additional experimentation is
needed on nuclear row excavation to investigate close spacing concepts at high yields and to
determine if there are any unknown practical problems associated with connection of rows.
Additional work would also be useful in fwther reducing the radioactivity of excavation
explosives.

The Lawrence Radiation Laboratory is working on a more detailed technical summary
of the status of the excavation technology and the remaining qiestions. We will provide you
a copy of the summary as soon as it is available.

The rate of developrwent of the technology is not dictated so much by technical
problems as by international considerations and public attitudes. The great current
expression of public concern over the environment makes any experimental program such as
this one difficult to accomplish. However, as the record clearly indicates, we have always
proceeded in an extremely cautious manner in regard to environmental effects and we will
continue to do so. Our large research effort to date in this area has led us to the conclusion
that the risks associated with this application of nuclear energy can be kept to minimum
acceptable levels while, at the same time, we can derive great benefits from its utilization. It
is our opinion that, with the further improvements which we are confident can still be made
and with greater public unde.,standing of this technology, realistic environmental concerns
can only diminish.

One of the factors we are faced with is the constraint of the limited test ban treaty.
However, we have conducted our last five excavation experiments within these constraints
and would, of course, conduct future experiments similarly.

As shown by the discussions which took place during the negotiation of the
Nonproliferat-Dn Treaty, there is an awareness on the part of developing countries of the
potential benefits under Article V of the Treaty. We also cannot ignore the excellent and
aggressive program in nuclear excavation which 'ias been described by the USSR, and
particularly their stated plans for using this type of excavation on projects of a magnitude
similar to the sea-level canal between the Atlantic and Pacific Oceans.

Our commitments, the interest on the part of the developing countries, and the USSR
program not only establish a need for us to proceed with the development of nuclear
excavation technology but also, we believe, will aid us in overcoming the political and
emotional problems we currently face.
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In summary, it is our vic'v that, given the authorizations and funds, the problems
regarding technical feasibility can be solved within a relatively short time. Each step we have
taken in developing nuclear excavation technology has resulted in lowering the potential risk
involved. At the sarie time, our increased understanding of the cratering mechanics has
increased our belief in the potential benefit of this undertaking for mankind. Apparently the
USSR has reached a similai conclusion concerning the benefits and risks and is proceeding
accordingly. We believe ',hat, if for any reason .a decision to construct an interoceanic
sea-level canal is deiyd beyond the next several years, a nuclear excavation technology
might be available and provide a realistic option in canal construction considerations at that
time.

Sincerely,

Chairman
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CHAPTER I

HIGHE-GHTS AND CONCLUSIONS

SUMMATION

The Foreign Policy Study Group has identified four foreign policy advaiitages that
would accrue to the United States if a sea-level canal were constructed in Panama. The
Group has not encountered any insurmountable foreign policy disadvantages to such
construction.*

A sea-level canal would:
I. Benefit the trading nations ,- theo .orld, as well as serve Unic-J States international

trade interests by resolving the canal caracity problem into the 21 st century
2. Contribute 0, an enduring and sound relationship with Panama, which in turn

would help ensure the continued availability of a derendable and efficient interoceanic
canal to all maritime nations.

3. Facilitate strategic support for United States foreign policy, when required,
through its decreased vuln-eability and inc:eased size which gives greater mobility to our
ships.

4. Emphasizt the rnie of the United States as an international leader, particularly if
nuclear excavation could be used to demonstrate the power and promise of peaceful use of
atomic energy.

In light of its mandate to concentrate upon the foreign policy aspects of a sea-level
canal, the Study Group has not sought to determine whether the importance of the above
advantages is sufficient to warrp, t the expenditure of scarce United States resources which
have alternative domestic and international uses.

INTRODUCTION

The mandate of the Foreign Policy Study Group has been to determine and evaluate
foreign policy considerations involved in the question of whether to build and operate a
sea-level cinal. We have not attempted to evaluate the desirability of such a waterway on
other than foreign policy grounds. We have addressed the question of the addition of a third
set of locks to the existing waterway, in so far as it provices an alternative to a sea-level
canal in meeting essential United States interests.

The fundamental United States interest in a sea-level canal is the same as its interest in a
lock canal: to provide an efficient and dependable means of irteroceanic transit to the ships
of all nations on a non-discriminatory basis at reasonabl: iolis in order to promote world
commerce with attendant strategic and commeicial advantages.

A dependable and efficient interoceanic canal can best b: assured through an enduring
good relationship with the host country.

flTe question of tho effect of a wa-level canal on ecology would, we assume, be reslved before beginning construction. If
not, adverse internAtional reaction to the eccagicacl effect of construction wý,uld be a foreign rotiy disadvantage.
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The Group reLtognizes that construction of a sea-level canal in Panama would commit
the United States to rcsponsibilities involving an indefinite extension of United States
presence in Panama, and that there are problems associated with such presence. Given the
commercial and strategic importance to the United States of a transisthmian waterway,
however, the Group accepts the fact that some United Sta.es presence in Panama would
necessarily be extended whether or not a new canal is constructed, and considers the
problem manageable under satisfactory new treaty arrangements.

The main foreign policy considerations for the construction and operation of a sea-level
v!-ral relate to:

- The importance of a transisthmian passage to United States international relations.
- United States bilateral relations with the host country.
- How we might build a sea-level canal, where we might build it, how we might

operate it.

IMPORTANCE OF THE CANAL TO UNITED STATES
INTERNATIONAL RELATIONS

INTERNATIONAL TRADE

United States Trade Through the Canal.
The Report of the Study Group on Interoceanic and Intercoastal Shipping demon-

strates that the capacity of the existing canal ia terms of numbers of transits would
probably be reached by the end of this century, if not sooner. Seven~ty percent of the
tonnage of cargo transiting the canal originates or terminates in United States po:ts. For FY
1969 this portion of canal traffic amounted to some 70 million tons and constituted 10% of
the value of our foreign trade. Yet, as of 1970 there were about 1300 ships afloat, under
construction, or on order which ;,ere too large to enter the Panama Canal lock7. In addition,
there were approximately ! 750 more ships in these categories that could not pass through
the canal fully laden at all times because of draft limitations due to seasonal low water level.

Limitations on qsantity and size of ships transiting the causing n complicate commerce
by making shipping more costly and difficult, by causing economic dislocations for
suppliers, and by restricting supplies to consumers. These limitations thus could tend to
retard the expansion of our internatioiial trade.

Proceeding with the construction of additional canal capacity in the face of possible
deficits from the operation, however, may be regarded ;s an uneconomic use of our
resources.

Other Nations' Trade Through the Canal.
The two groups of other principal users include vi'r major trading partners, and other

friendly niations assisted by the United States and internationel agencies in developing their
economies. The pote-itial adverse effects listed above on United States commerce also apply
to these other nations which utilize the canal.

Many commodities, particularly petroleum, ore , metals and coal, which are the highest
tonnage items transiting the canal, are so competitive that significant changes in shipping
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costs can cause shifts to alternative sources of sup,,! ' Such bulk cargoes, however, can most
easily avoid the canal by using larger ships and al.,,rnative ship routing.

These bulk items are frequently important sources of foreign exchange for developing
nations. Poorer nations would also suffer should transportation difficulties limit supplies or
raise costs of food, grains and other agricultural commodities that are significant items in
canal traffic. Should the canal fail to serve world trade adequately, we would be blamed
because we are identified in world opinion as being responsible for the efficient operation
and defense of the transisthmian waterway.

Providing such service, however, especially through an outstanding engineering
achievement, would be harmonious with oar position of world leadership, would be
consonant with our publicly stated intention to continue to accommodate world commerce,
and would demonstrate our continuing interest in hemispheric devclopment and expanding
irade among the nations of the world.

Alternatives for Expanding Canal Capacity
(a) The existing canal can accommodate ships of 65,000 DWT. It has a maximum

potential capacity of 26,800 transits per year with improvements costing up to $100
million. Such investment would not, however, meet th.' problem of accommodating larger
vessels.

(b) A third set of locks would expand the capacity to about 35,000 transits per year.
Construction of locks to accommodate ships up to 150,000 DWT would cost about $1.5
billion. Such expansion would probably accommodate vessels in the trade into the 21st
century.

The proponents of the third lane of locks concept believe it has a major political
advantage, namely, that it can be built under the provisions of existing treaties. The
Panamanians oppose this view, although they agreed in Q 1939 exchange of notes clarifying
the 1936 Treaty that the United States could undertake additional construction- and we, in
fact, did.

(c) The sea-level canal preferred from an engineering point of view, i.e., along Route
10, could accommodate up to about 66,000 transits per year, depending on the success in
overcoming technical limitations suci as tidal currcnts. Its minimum capacity is estimated at
38,000 transits per year. Construction cost would be about $2.9 billion. It would
accmmodate ships up to 150,000 rYWT under all conditions, and would accommodate
ships up to 250,000 DWT under favorable tidal conditions. Other alternatives are feasible
but have higher construction costs. If restrictive technical conditions prevailed this would
resolve tz capacity problem only until the early part of the next century. Under optimum
conditiors capacity problemq would be resolved beyond the middle of the 21st century.
Under both conditions the canal could be expanded, at additional cost, for as much capacity
as required in the future. New treaty arrangements with Panama would be required.

Operation of the sea-level canal described above in conjunction with the existing canal
would provide even greater capacity and flexibility.

We conclude that United States trade interests would best be served by our arranging to
provide additional canal capacity before demands for transits exceed capacity. A sea-level
canal or canal system would best serve our long term trade interests.
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STRATEGIC CONSIDERATIONS

Our ability to defend the canal and thereby a-oare its continuing operation is of
importance in enabling us to defend ourselves and assist our friends militarily. Whether the
canal is lock or sea-level is ef great importance in this regard.

Vulnerability of a Lock Canal

A lock canal is highly vulnerable both to sabotage and to various forms of military
attack. It is difficult to safeguard. The Defense Study Group has concluded that a sea-level
canal would be far less vulnerable than either the present canal or any of the modernized
versions of a third lock canal.

Mobility of Forces and Materiel
A secure isthmian canal is important to the effective support of military operations

overseas. From the standpoint of foreign policy this means increased availability of military
resources to support our foreign policy objectives to the extent that such support is
required. It implies the need for a canal that will accommodate the increased size of both
naval and merchant ships.

We conclude that the canal is important for our national defense as well as for the
military support of our foreign policy. According to the Defense Study, considerations of
vulnerability and size which inhibit our strategic capabilities are best overcome by a sea-leve
canal.

UNITED STATES BILATERAL RELATIONS WITH THE HOST COUNTRY

BACKGROUND OF OUR RELATIONS WITH PANAMA

Sources of Friction
The 1903 Treaty, amended in i936 and 1955, has been a continuing source of friction

in United States-Panamanian relations. The principal points at issue have included the
following:

(a) Panama's desire to derive a greater share of the economic benefits resulting from
canal operations.

(b) The grant to the United States of "the rights, po"'er ,!nd authority within the
zone...whicil the United States would possess and exercise if it were the sovereign of the
territory...to the entire exclusion of the exercise by the Republic of Panama of any such
sovereign rights, power or authority." This conflicts with Panamanian aspirations concerning
the most important asse'i on the isthmus-the Lanai.

(c) The presence and the life-style of a large United States community living adjacent
to Panama's urban areas (there are approximately 38,000 United States military and civilian
personnel living in the Canal Zone).
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Recent Developments
The 1936 and 1955 amendnments to the treaty, as well as the 1962-63 discussions

between Presidents Kennedy and Chiari, reflected efforts to deal with frictions caused by
_ ~existing canal arrangements without P'undamentai change in treaty structure. Failure to

satisfy basic Panamanian aspirations caused growing frustration that erupted in the January
9, 1964 riots, in which in least 18 Panamanians and 4 American soldiers were killed, over
100 persons were injured, and property valued at several million dollars was destroyed.

On December 18, 1964, President Johnson issued a statement declaring that the present
canal would soon be inadequate for the needs of world commerce and that he had decided
to (1) press forward with plans for a sea-level canal; and (2) propose to the Government of
Panama the negotiation of an entirely new treaty for the existing canal.

On June 26, 1967, President Jolvson announced that the negotiating teams had
reached agreement on the form and content of three interrelated treaties covering the
existing canal, a new sea-level canal, and canal defense. These treaties were never submitted
for ratification by either government.

If a sea-level canal were to be constructeti. its value in terms of United States-
Panamanian relations would be judged on the degree to which it made possible a more
enduring good relationship by facilitating the resolution of the principal points at issue
between the two countries.

CANAL ADMINISTRATION AND ECONOMIC BENEFITS

Value of the Asset
A sea-level canal would be simpler to operate than a lock canal and would be less

subject to interruption. Thus, administrative arrangements would be simplified.
Its construction would also create economic benefits for Panama and assure that all

foreseen requirements for ship transits are met in Panama rather than in another country.

Benefits to Panama
Construction of a new canal anywhere in Panama or improvements to the existing canal

could be beneficial to that nation's economy. These benefits could result both from the
increased economic activity during the construction period and from the additional revenues
from increased traffic which would be available to Panama if a revenue-sharing arrangement
wexe adopted.

The Stanford Research Institute estimates that in peak construction years, based on the
method and route of construction, Panama's Gross Domestic Product would be from 6.3%
to 9.5% higher than it would be without construction.

JURISDICTION

There are characteristics of a sea-level canal wh'ich would lend themselves more readily
than those of a lock canal to the satisfaction of basic Panamanian aspirations of exercising
jurisdiction in the Canal Zone. Without the requirement for sensitive locks and generating
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plants, and large numbers of foreign personnel, it would be possible to reduce the Canal
Areas to a minimum and to permit a broader exercise of Panamanian jurisdiction in these
areas. This presumes that a sea-level canal would be operated instead of, not in addition to,
the lock canal. This particular advantage would not be attained if the sea-level canal and
lock canal were operated as a system.

THE LARGE FOREIGN PRESENCE

United States presence in Panama is emphasized both because of the number of
American residents and because the United States is such a large employer. A sea-level canal
would require about 2200 operating employees compared with the 5000 required to operate
and maintain the present canal. The present canal complex also has approximately 10,000
additional employees engaged in providing the entire spectrum of commercial ,ctivities and
community services for the Canal Zone. This latter group, too, could be drastically reduced
under new arrangements. Most of the services performed by these 10,000 employees could
be provided by the Panamanian business community and government, and need not
continue as functions of the canal operating authority. Since a sea-level canal if operated by
itself would not have vulnerable lock installations, the military force protecting it could be
less pronounced. The size and visibility of a separate affluent community of foreigners within
Panama would be reduced.

We conclude that construction of a sea-level canal would facilitate a more enduring
good relationship with Panama than would augmenting the existing canal. It would also
secure more certainly the availability of an efficient and dependable canal. Construction of a
sea-level canal would bring important economic advantages to Panama, thereby further
contributing to the enduring and sound relationship we seek.

FOREIGN POLICY CONSIDERATIONS IF A CANAL WERE
CONSTRUCTED OUTSIDE OF PANAMA

Construction outside of Panama would cause grave repercussions in our relations with
Panama. The canal-centered economy of Panama would be disastrously affected.

Colombia
Because of the more diversified Colombian economy, a canal in Co!ombia would not

play the major economic role it does in Panama. On the other hand, making arrangements
for the defense of the routes in Colombia would pose difficult political questions for the
United States and Colombia, and the cost of building 'd maintaining defense facilities
would be higher for the Colombian than for the Panamanian routes. The major foreign
policy difficulty would be the serious consequences to United States relations with Panama.

We conclude that construction of a sea-level canal on Route 25 would merit further
consideration only in the event that mutually acceptable arrangements could not be reached
between the United States and Panama for construction of additional canal capacity in that
country.
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Nicaragua
The Nicaragua-Costa Rica Route has been discarded ftom further consideration by the

Canal Study Commission because of its expense in comparison with other canal routes.
Route 8 offers no significant foreign policy advantages that would counter-balance other
arguments against construction in that area. In light of these considerations, the United
States has moved to terminate its 1914 treaty relationship with Nicaragua (the Bryan-
Chamorro Treaty) that grants the United States the right in perpetuity to build a canal
across Nicaragua.

We conclude that construction of a sea-level canal along Route 8 is not a feasible
project.

HOW WE MIGHT BUILD A SEA-LEVEL CANAL, WHERE WE

MIGHT BUILD IT, HOW WE MIGHT OPERATE IT

NUCLEAR EXCAVATION

The prestige the United States would derive from having constructed a sea-level canal
would be enhanced if it were to prove feasible to employ nuclear excavation. The USSR is
moving ahead with a series of projects which give that nation an opportunity to demonstrate
its own advances in the field of peaceful uses of atomic energy. The excavation of a sea-level
canal by nuclear means would provide the United States a unique opportunity to
demonstrate progress on its part in this field on a massive scale.

Nuclear excavation would, however, raise fears regarding physical harm to individuals
and the disruption of their lives. Residents of the area chosen would have to be relocated
during construction. Evacuation would affect over 3,000 square miles and involve perhaps
10,000 people on the best route for nuclear excavation. The psychological and sociological
implications present problems that could prove formidable.

The restrictions of the Limited Test Ban Treaty on the use of nuclear explosives pose
another problem. It is not possible to determine whether or when international agreement
can be reached that would permit the use of nuclear explosives in Isthmian canal
construction.

The technical feasibility of tuclear canal excavation has not been established.
Determination of technical feaibility and removal of international treaty obstacles to
nuclear excavation would still teave great political and economic objections to a sea-level
canal remote from Panama's metropolitan centers.

We conclude that, based on information currently available, nuclear canal excavation is
not now possible.

PDSIRABILITY OF VARIOUS ROUTES IN PANAMA

Route 17 (Figure 1-1)
A sea-level canal in the Darien region would be more than 100 miles from the

population centers of Panama and therefore should remove some of the lesser causes of
friction. Sparsely populated areas of Panama would be developed if this route were chosen.
Both of these advantages would probably be counter-balanced, however, by the foreign
policy problems attending nuclear excavation and by the economic dislocation involved.
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The flow of resources into the development of the remotc Darien region which w.u.Ild
result from the construction of the canal there would take place to the economic detriment
of the Panama City-Colon metropolitan areas. About $300 million per year in economic
activity would shift with the canal. Although in the long run construction of a canal in
Panama remote from the present one would probably not cause significant overall 1--,nomic
changes in the structure of the economy, major short run economic dislocý.lons would
result.

Route 10 and Route 14 (Figure 1-2)
Both routes in the area of the present canal have the same general foreign policy

implications. The advantages of a sea-level canal are not adversely affected by any major
foreign policy considerations here. New treaties with Panama would be required to permit
construction. There might be some inflation during the construction period and some
deflation with the opening of a sea-l-.vel canal requiring less manpower than the lock canal,
but in neither case would it be substantial enough to stir up new antagonisms if the treaty
terms for the new canal were acceptable to both parties. Route 14 has the advantage of
being within the present Canal Zone while Route 10 would require special arrangements
with Panama to acquire land and access rights. The risk of long term closure of the existing
canal during the construction period and its permanent elimination as a canal with the
opening of a sea-level .canal on Route 14 are major drawbacks to thi,, route.

The proximity of both routes to the principal metropolitan areas raises the problem of
friction between the canal administration and the local population. The reduction of
personnel envisaged through a sea-level canal would ease this problem. At the same tirme,
availability of labor and supplies from the nearby Panamanian cities for the construction
and operation of the canal provides positive benefits both to the Panamanian economy and

to the United States.

Continued Use of the Lock Canal Along with a Sea-Level Canal
The greatest flexibility in the Unitel States choice of alternatives and timing of new

construction, as well :is the largest total capacity at least cost, are offered by operating the
old canal and ! sea-Il1vel canal on Route 10 as a single system within the context of new
treaty arrangements.

We conclude thit the order of preference of the sea-level canal routes in Panama or
foreign policy grounei.s is: Route 10, Route 14, Route 17.

POSSIBILITY OF INTERNATIONAL ADMINISTRATION

There has long been discussion concerning the possibility of arranging some form of
multinational participation in the operation of an Isthmian canal. The 1967 treaty drafts
contain provisions for multinational participation in the financing, ownership and operation
of a sea-level canal, but the exact terms of any arrangement are left open for future
agreement. While United States interests might be served by some form of multinational
participation in the future, the foreign policy benefits do not appear great.
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Panama has been cool toward multilateral arrangements for the canal. The inducements
for multinational participation are not great to major user nations, who appear to believe
that the operation of an Isthmian canal is primarily a United States responsibility.

We conclude that international participation in a sea-level canal is unlikely of
attainment under foreseeable circumstances. Over the long run, however, some form of
international participation may be obtainable and may be the best long-term guarantee of
United States interests.
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CHAPTER 1I

HISTORICAL BACKGROUND

The United States and Panama have been engaged in a partnership which has produced
great benefits for both countries, but which from the beginning has also been the source of
antagonism between them. The antagonism is compounded by the vast differen..es in size
and wealth, by the divergent interests of the two countries in the managem,-nt of the canal,
and by barriers of language and culture.

In 1964 this interdependent but uneasy relationship suffered a setback. In that year the
subtle and complex issues which had stood between the two countries for sixty years were
reduced to symbols, conveniently simplified in a confrontation of flags. The youths of the
two nations used the symbolic representations of their nations to influence the course of
events. They tried to upset the agreement reached by their governments in 1963 that
Panamanian titular sovereignty over the Canal Zone would be recognized by flying the

Panamanian flag wherever the United States flag was displayed. The determination of each
student group to rais- its nation's emblem on the flagpole of an American school in the
Zone led to three days of rioting and the death of at least 22 persons. Panamanian demands
for a basic restructuring of the canal partnership took on added urgency.

United States Interest in an Isthmian Crossing
Evea before the United States began to face two oceanis, An'erican statesmen were

convinced of the need to guarantee unobstructed passage across the Isthmus. This interest
grew when the country's western frontier finally reached the Pacific with the settlement of
the Oregon boundary in 1846, and especially after gold was discovered at Sutter's Mill and
'49ers found the Isthmus to be the principal route to California. The United States then
sought to check the spread of British influence in the area, and to guarantee for itself
unimpeded passage over the existing routes and through any canal crossing that might be
built. In 1846 the United States Ambassador to New Granada (Colombia), which then
controlled what is now Panama, negotiated a treaty in which the United States recognized
New Granadan sovereignty over Panama, and New Granada guar.iateed to United States
citizens the right to passage across the Isthmus on the same basis as to the citizens of New
Granada.

In the face of expanding British presence in Central America, the United States
concluded the Clayton-Bulwer Treaty with Britain in 1850 to assure that any canal
constructed on the Isthmus would be neutral and that neither country would fortify or
exercise domain over any part of Central America. Later, in response to the clear United
States intention to build a canal somewhere on the Isthmus, Britain agreed, in the
Hay-Pauncefote Treaty of 1901, that the United States could operate and defend a new
canal provided its ncuL;rality as a shipping lane were maintained.
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The Beginning of a Partnership
United States-Panamanian relations had their beginning, and take much of their

character, from a period in which the United States was emerging as a world power. The
Spanish-American War established the United States as the prime power in the Caribbean
and aroused new interest in that area among people in the United States. The sixty-six-day
journey of the battleship "Oregon" around Cape Horn during the war dramatized how
advantageous a canal would be for United States strategic policy.

The treaty that established the association between the United States and Panama was
more favorable to the United States than the Hay-Herran Treaty which the United States
had been ready to accept a year before, but which the Colombians had refused to ratify.
The Panamanian leaders arrived in Washington just after the Convention for the
Construction of a Ship Canal was signed, and though they were dissatisfied with some of its
provisions, they apparently were relieved to have a treaty and signed it. The treaty was
ratified by both sides, but Panamanian objections were registered with growing intensity
over the years thqt :Allowed.

Panama Seeks to Undo the 1903 Treaty
Panamanian nationalists today see the treaty as an intolerable derogation of their

country's sovereignty. Both the wording of the treaty, and tiae way the United States r t its
provisions into practice, have much to do with Panamanian resentment. In the early years of
Panama's independence, during the construction and initial operation of the canal,
conditions on the Isthmus caused the United States to adopt practices it probably would
have avoided if sanitation had been less of a problem, if Panama's economy could have
better supplied the needs of the Canal Zone, and if Panama's population had had the skills
to pcrform the tasks of canal construction and operation.

The United States Government operated the largest commercial enterprise in Panama,
supplying goods at reasonable prices to the workers, adequate sanitary housing, and stores
to ships passing through. Our Government even went 'nto the hotel business. The
commissaries which were established within the Canal Zone beezame a continual source of
irritation to Panamanians who saw themselves excluded from the opportunity to exploit
car-al-relat-d commerce.

This problem was first dealt with in the Hull-Alfaro Treaty of 1936 which restricted
sales in the commissaries to direct-hire employees of the United States Government,
members of the United States Armed Forces, and certain others, provided the latter actually
lived in the Zone. In the same treaty the United States agreed to close the Zone to the
establishment of new private busincss, except to those engaged in canal related activities.

In the 1955 Treaty of Mutual Understanding and Cooperation between the United
States and Panama, it was agreed that only those Panamanian employees who actually lived
within the Zone would be allowed to use the ccmmissaries. The 1955 agrevnomnt also carried
a memorandum of understanding in which the United States agreed to limit sales to passing
ships to petroleum, oil, and lubricants, and to give Panama, along with the United States, a
larger right to the Canal Zone market.
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The Panamanians, of course, were not just interested in the indirect benefits that canal
related commerce could bring. They also demanded more direct benefits through the canal
annuity. Under the 1933 Treaty Panama received an immediate $10,000,003 payment, and
a United State:4 promise to pay $250,000 in gold dollars each year. In the 1936 Treaty, as an
adjustment for the 1934 reduction in weight of the United States gold dollar, the annuity
was char,,- d to $430,000. The annuity was increased to $1,930,000 in the 1955 Treaty.
However, 7'!,,maaians insisted that the amount was too low, and urged the United States to
rise to!!s to allow higher annuity payments.

Tile changes made by the 1955 Treaty contributed to the economic up-swing that
began in Panama in the late fifties. To the Panamanians, however, progress in implementing
the provisions of the treaty seemed slow, and this was one of the major points of discussion
in the meetings between the two countries' Fesidents in 1962.

The cultural, political, and philosophical differences between those who came to
construct and operate the canal and those who were descended from the Spanish colonizers
may be more important than the economic considerations. The distinction between the
skilled workers, mostly from the United States, and the local laborers, from Panama and the
Caribbean, was also soon clearly drawn by thc practice of paying the former in gold and the
latter in silver.

Fven after the specie payment was abandoned, "gold" and "silver" signs directed each
clmss to separate public utilities, including drinking fountains, post office windows and rest
rooms. These signs were finally painted over in 1946. A carry-over f;om the old specie
p~yments was also seen in a double set of wage standards. Although Panamanipns were
eligible for "United States rate" positions, most in fact worked in "local rmt" jobs.

This dual payment systeiji was considered by Panamanians to be a form of
discrimination against them it, their own country. Provisions in the memorandum of
understanding annexed to the 1955 Treaty saught to establish equal employment conditions
for Panamanian and United States citizen employees of the United States Government in
",e Zone. Separate rates of pay were abolished, and the right of Panamanians to compete
for jobs at all levels was recognized. The United States committed itself to creating training
programs to help qualify Panamanian employees for more responsible positions. For the last
several years increasing emphasis has been placed on providing employment opportunities in
higher paid positions to non-United States citizens. Sincc it wouid be uneconomical to
recruit unskilled employees from the United States, the lowest paid positions continue to be
filled by Panamanians.

Pressure Begins to Build
In the late 1950's, United States Policy came under increasing attack. In this rising

,-1,111'ITe of anti-Americanism, Panamanians, particularly the stuieAL population, stepped up
their protests against the United States presence. In 1959 demonstrations were organized for
th,- first time against the -anal Zone. On Fanama's Independence Day, November 3, 1959, a

":;ove.eignty march" entered the Zone to plant the Panamanian flag. The demonstrators
were pushed back by Zone police and violence followed in the streets of Panama City.
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The United States, which had granted substantial concessions in 1955, moved quickly
to cap the rising pressures building within Panama. President Eisenhower dispatched
Livingston Merchant as Special Ambassador to Panama. At a public ceremony, Ambassador
Merchant publicly voiced recognition of Panama's "titular" sovereignty over the Canal
Zone. Efforts were made to reconcile Panamanian opinion and in September, 1960 the
United States agreed that Panama could raise its flag at one prominent place in the Zone to
symbolize Panama's titular sovereignty. The flags of both countries were raised at Shaler
Triangle on November 25, 1960, but even this step was marred when the chiefs of the three
branches of the Panamanian Government declired to attend the inaugural flag raising
because a Panamanian was not allowed to hoist the flag.

The Kennedy Years
United States-Panamanian relations continued to be strained throughout the years of

the Kennedy Administration. In June of 1962 Presidents Kennedy and Chiari met, and
agreed to bilateral discussions to find those points _f friction that could be resolved within
the framework of the existing treaty arrangements. The United States Ambassador to
Panama, Joseph Farland, and the Governor of the Canal Zone, Major General Robert
Fleming, were appointed to represent the United States at the discussions in Panama.

One of the few changes which was agreed upon was the use of the Panamanian flag
wherever the United States flag was flown. The new rule was adopted in steps throughout
the Zone, and in January, 1964 it was applied tc the United States high schools in the Zone.
But in practice, it was d,. ided that United States flags would no longer be displayed outside
the schools, in order to avoid the construction of a number of duplicate flag poles.

The 1964 Crisis
The youth of the two nations set the course of events. On Januay 7 the American

stuihnts of Balboa High School in the Zone ran the Stars and Stripes up the flag pole in
front of their school. The flag was taken down by school authorities, but the students ran it
up again. On January 9 a large group of Panamanian studenta entered the Zone determined
to raise the Panamanian flag in an equal position. A scuffle with the Zone police followed
and the Panamanian flag was torn.

A large Panamanian crowd claiming desecration of their flag tormed along the Zone
border and for the next several days rioting in Panama City and Colon was marked by
attempted intrusions into the Zone by rioters, and sniping into the Zone by persons in
tenements across the border. The rioters, mostly students and laborers, were urged on by
radio and television, and by agitators. By January 12 when the rioting finally ended, there
were at least 18 Panamanians and four United States soldiers dead and more than 100
injured on both sides.

The government of President Chiari accused the United States of aggression, and broke
diplomatic relations. It demanded that an emergency meeting of the Council of the
Organization of American States be called as provided for under the Rio Pact, and also that
a meeting of the United Nations Security Council be convoked according to the United
Nations Charter. Later, Panama claimed that the United States had violated the Dekcaration
of the Rights of Man, and appealed to the Internatlonal Commission of Jurists.
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The conclusions of the investigating committee appointed by the International
Commission of Jurists did not support the allegation that the United States had violated
various articles of the universal Declaration of the Rights of Man. Moreover, it regretted that
the Panamanian authorities nmade no attempt during the critical early hours, as well as for
almost three days thereafter, to curb and control the violent activities of the milling crowd.
But a ý the same timne, it urged the United States to take effective steps to make possible a
reorientation and c~iange in the outlook and thinking of the people living in the Canal Zone.

President Johnson, confronted with this crisis after only a month in office, dispatched a
special mission to Panama to encourage restraint and an end to the violence. He expressed a
willingness to discuss all issues, but only in an atmosphere of calm and reason. Though
diplomatic relations were resumed three months later, the ensuing period demonstrated the
depth of each country's feelings and marked the gulf between them.

The Presidential announce ment in December 1964 that the United States was prepared
to negotiate an entirely new treaty with Panama and that we should press forward with
plans for a sea-level canal signaled the beginning of a new stage in United States-Panamanian
relations.
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CHAPTER III

THE CASE FOR A SEA-LEVEL CANAL

The idea of a sea-l'.vel canal is not new. A sea-level canal across the American isthmus
that could safely and efficiently transit all the world's ships has been a goal of canal planners
since the narrow crossings were discovered by Balboa four and one-half centuries ago.

The "battle of the levels" began in earnest in 1875, when Suez Canal builder Ferdinand
de Lesseps persuadei the International Congress for Consideration of an Interoceanic Canal
to vote to build ;a sea-level canal in Panama after a lengthy debate over the merits of a
high-level lock carnal. Construction began in 1881, but the engineering and health problems
wert, overwhelming at tl.e time. Mismanagement, disease, and impending bankruptcy led to
a reluctant switch to a more easily built lock canal as an attainable goal. Nevertheless, even
this reduced eifort failed. In 1903 the historic objective of a sea-level canal was revived in
the United States. President Theodore Roosevelt's Board of Consulting Engineers voted 8 to
5 for a sea-!evel canal, the Senate Committee on Interoceanic Canals favored a sea-level canal
by 6 to 5, but the Senate as a whole decided upon a lock canal by a vote of 36 to 31. While
acknow!edging the ultimate desirability of a sea-level canal, the Senate chose to construct
the les. costly lock canal initially.

Several recent major studies of the Panama Canal have continued to endorse the
long-range goal of a sea-level canal:

- In 1947 the Governor of the Panama Canal reported pursuant to Public Law 289,
79th Congress, which required a canal study, that: "a sea-level canal constitutes the only
means of meeting adequately the future needs of commerce and national defense, and such
a canal can be obtained most efficiently and economically by converting the present Panama
Canal to sea-level".

-- In 1960 the President of the Panama Canal Company reviewed the 1947 study and
recommended immediate investigation of the possibility of excavation of a sea-level canal by
nuclear methods. If the nuclear-excavation technology were not developed by the early
1970's, he believed that plans should be made for the conversion of the existins' caiial to
sea-level by conventional methods.

- In its Report on a Long-Range Program for Isthmian Canal Transits in 1960, a
Board of Consultants to the House rommitte,; on Merchant Marine and Fisheries concluded
that "the ultimate solution to the basic problem of increasing the capacity is probably a
sea-level canal, but its construction should await a traffic volume that can support the large
cost".

President Johnson's Decision
In March of 1964, President Johnson asked Congress for authority to conduct a new

sea-level canal study. A bill was approved in September as Public Law 88-609. On
December 18, 1964, the President announced his decision to begin international discussions
of the possible construction of a sea-lewel canal, and to negotiate new treaties with Panama
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to replace the treaty of 1903. In his statement the President said: "So I think it is time to
plan in earnest for a sea-level canal. Such a canal will be more modern, more economical,
and will be far easier to defend. It will be free of complex, costly, vulnerable locks and
seaways. It will serve the future as the Panama Canal we know has served the past and the
present" The President's decisions stemmed from an awareness that new treaties could meet
many of Panama's aspirations in the Canal Zone and still protect United States interests in
the Canal.

A sea-level canal would require a direct operating staff of approximately 2200 persons,
of whom few need be skilled United States technicians. This compares with the nearly 5000
operating personnel of the present canal supported by some 10,000 additional Canal
Company and Canal Zone Government employees who provide the entire range of
community services to the canal operators and a large part of such services for the Zone's
military bases. Some 5000 of this 15,000 total are United States citizens.

An alternative way to meet world trade demands of the immediate future would be to
add a third set of locks to the existing canal. Such a canal, however, would not
accommodate trade needs for the more distant future because of the number of ships that
are expected to seek passage. Moreover, it would increase the requirement for operating
personnel.

A sea-level canal, on the other hand, would under optimum conditions accommodate
world traffic for the foreseeable future and would permit a major reduction in personnel.
The less vulnerable and more easily defended sea-level canal offers significant political
advantages. It would permit greater United States flexibility in canal defense arrangements.
Should the United States decide to build a sea-level canal and to operate it in conjunction
with the lock canal, it would have to provide canal defense arrangements for both routes.
These arrangements should be possible with no increase in defense personnel.
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CHAPTER IV

PANAMA AND A SEA-LEVEL CANAL

UNITED STATES-PANAMANIAN BILATERAL RELATIONS

Relations between the United States and Panama are concerned primarily with the
Panama Canal, which has been true ever since Panama attained its indepdelnce. The United
States interest is to guarantee the continued existence of an efficiently operated and
adequately defended interoceanic waterway that charges reasonable tolls and is open on a
non-discriminatory basis to the traffic of all nations. The Panamanian view is that its
geographic location, which makes a canal possible, is Panama's greatest natural resource,
one it has the right to exploit in what it deems to be its own best intere sts. Striking a
mutually satisfactory balance between the differing interests of the two nations in the canal
is a primary concern of t9nited States policy toward Panama.

After President Johnson's statement of December 18, 1964, United States policy wvs
directed toward negotiating new treaties that would eliminate some of the causes of friction
over the existing canal and secure for the United States the right to construct a sea-level
canal in Panama. By June of 1967, United States and Panamanian negotiating teams had
reached agreement on three treaty drafts and referred the drafts to their respective
governments for consideration.

SUMMARY OF 1967 DRAFT TREATIES*

Lock Canal Treaty
The draft treaty covering the existing canal contains the following essential points:
I. Existing treaties would be abrogated.
2. The canal and all properties and adjuncts, and the administration of a reduced

"Canal Area" would be transferred to a bi-national Administration governed by a
Board of Governors composed of 5 Americans and 4 Panamanians appointed by
the respective Presidents for six-year terms subject to removal for cause by the
appointing Presidents.

3. Executive and legislative powers relative to the administration of the canal and
Canal Areas would be vested in the Joint Administration, subject to detailed treaty
provisions.

4. The Administration would have the right and power to set up a court of general
jurisdiction to deal with civil and criminal cases in the Canal Areas. United States
armed forces and their American civilian component would be subject to special
(status of forces) provisions under the Defense Treaty.

5. Panama would be sovereign over the Canal Area, subject to jurisdiction vested in
the Joint Administration in matters directly related to canal operations.

*It should be noted that the assumptions now adopted regarding the construction o. a k-a4evel canal are different from
those which existed when the draft treaties were negotiated.
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6. The United States Government, as such, would have no direct control over canal
operations or the Canal Area; it would have a one-man majority on the Board of
Governors of the Joint Administration, by virtue of the five members appointed by
the Presideilt on the nine-man Board.

7. The Treaty would terminate, and the canal and Canal Area become the property of
Panama, on December 31, 1999, or sooner if a sea-level canal were opened before
then, or r.o later than 2009 if a sea-level canal were under construction on
December 31, 1999. (Comment: If no sea-level canal were to be constructed the
existing canal would thus become Panamanian property on December 31, 1999.)

8. Fa~iama would receive royalties paid from tolls, based on the amount of traffic
through the canal.

Sea-Level Canal Treaty
The draft sea-level canal treaty would in effect give the United States an option to build

a sea-level canal with certain essential terms to be arrived at through subsequent negotiation,
including financial arrangements, the use of nuclear excavation in construction, and the
identification of land areas. Additionally:

I. The option would extend for 20 years.
2. The United States would finance the canal but could, after consultation with

Panama, arrange for international and private participation.
3. The canal would be operated. by an Interoceanic Canal Commission, governed by 5

Americans and 4 Panamailians as in the draft treaty for the present canal, with
provisions for additional members representing other financial participants, if any.

4. The treaty would terminate, if the United States exercised its option to build, 60
years after the sea-level canal was opened but no later than December 31, 2067,
and the canal and all related properties would revert to Panama.

Defense Treaty
The third treaty would establish defense bases in Panama from areas now in the Canal

Zone and would constitute, in effect, a status of forces agreement of the type negotiated
with other countries. Additionally:

I. The United States would provide for the defense, security and continuity of
operation of the existing canal, its related faciliies, and the Canal Area, and of a
sea-level canal if built.

2. Defense bases would be made available for canal defense and related security
purposes.

3. The treaty would terminate 5 years after the lock canal treaty terminated, or
whenever the United States was no longer committed by treaty with Panama to
defend a canal in P.,nama, whichever time came later.

Thcse treaty drafts have not been submitted for ratification by either country.
However, the initial United States commitment to undertake treaty negotiations has
brought about an improvement in United States-Panamanian relations since 1964.
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ALTERNATIVE CANAL SITES IN PANAMA (Figure IV-l)

In his announcement of December, 1964 President Johnson listed four possible canal
routes for investigation: two routes in Panama, one in Colombia and one in Nicaragua-
Costa Rica. However, the routes of the most easily excavated conventionally constructed
canal, and of the shortest nuclear canal, are all located in Panama. After the investigation
began, another route in Panama was added. Routes 14 and 10 are in or near the Canal Zone
and would be excavated by conventional methods. Route 17 is in the Darien Region of
Panama, approximately 100 miles east of the present canal, and would be excavated
primarily by nuclear explosives utilizing conventional excavation for about 20 miles of its
length.

In addition, the Commission has explored two other possibilities. One would be the
construction of a third and larger lane of locks to augment the present canal. The second
is the possibility of a United States-Colombian-Panamanian canal on Route 23.

If a canal were constructed on Routes other than Route 14, there would be engineering
advantages to maintaining the lock canal in standby condition for an indefinite period. This
arrangement has been recommended in Annex V, Study of Engineering Feasibility.

Terminal Lake-Third Lane of Locks
There have been many proposals for increasing the capacity of the present canal. The

most promising are variations of two basic plans: the Third Locks Plan, and the Terminal
Lake Plan. The former was initiated in 1939 and discontinued during World War II after
expenditure of approximately $75 million on excavations for larger locks adjacent to the
existing locks. The new locks would have been 1,200 feet long, 140 feet wide, and 50 feet in
depth over the sills. Such locks would accommodate vessels of up to approximately 110,000
DWT and would increase the canal's capacity to about 35,000 annual transits.

The Terminal Lake Plan would consolidate the Miraflores and Pedro Miguel Locks on
the Pacific side, raising Miraflores Lakes to the level of Gatun Lake. In the process a third
lane of locks would be added on both the Atlantic and Pacific sides. This plan has the
advantage of providing an anchorage area above the Pac*.',c locks which would eliminate
navigational hazards now encountered in that area.

The proponents of the third lane of locks concept believe it has a major political
advantage, namely, that it can be built under the provisions of existing treaties. The
Panamanians oppose this view, although they agreed in a 1939 exchange of notes clarifying
the 1936 Tre, :y that the United States could undertake additional construction-and we, in
fact, did.

The limitations of the third lane of locks solution are significant. A third lane would
provide approximately 8,000 additional annual transits.* At the projected traffic growth
rates., this new capacity ould be exceeded as early as 2000, and additional expansion would
presumably be needed. Tlhe third lane would meet traffic requirements through that year at
the least cost to the United States, but this is its only major advantage in comparison with
the sea-level canal alternatives. Lack of sufficient water from Gatun Lake for additional
locks poses a limitation that can be met by costly pumping of sea water. This solution

*From a baan point of 26,800 annual transits, the maxiimum capability of the present canal.
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would cause Gatun Lake to become brackish. Recirculation of fresh water used in the locks
is another solution, but one which is more costly still.

The third locks solution creates an additional requirement for skilled operating
employees and continues the existing lock canal's inherent need fof a large number of
United States management personnel and technicians, While this can be overcome in time
through internal training and promotion of Panamanians, the rapidly expanding Panamanian
economy would compete for the same skills.

Route 14
Route 14 runs generally along the existing lock canal alignment and lies entirely within

the Canal Zone. Its land cut is 33 miles, and its Atlantic and Pacific approaches, leadilig
from the land cut to water 85 feet in depth, total 21 miles. The estimated construction cost
is $3.0 billion.

The trace of Route 14 is generally east of the existing canal on the Atlantic side of the
Isthmus. Route 14 intersects the existing canal near the southeast end of Gatun Lake. and is
generally west of it from there to the Pacific.

Panama City on the Pacific terminus and the towns of Colon and Cristobal on the
Atlantic terminus are available to support the construction, operation, and maintenance
effort of Route 14.

As an alternative to the trace of Roite 14 through the Continental Divide, a separate
divide cut would be aligned to diverge from Route 14 in the Continental Divide region. The
separate Divide cut would minimize the probability that construction operations would
endanger the stability of the banks of the e-isting canal. Further discussion of Route 14 in
this Annex will refer to this separate Divide cut alignment.

Gatun Lake, which has an area of about 165 square miles, is an integral part of the
existing canal. It is formed by waters impounded by Gatun Dam. Gatun Lake provides water
for the lockage of ships through the existing canal and is also used for hydroelectric power
and municipal water supply.

Gatun Lake would be divided by Route 14 and would require dams to protect against
runoff of the lake into the sea-level canal. After construction, the most economical level for
water in the lake would be at about elevation fifty-five feet, which is twenty-seven feet
below its low level for operation of the existing canal. This would reduce the hydroelectric
supplies available to Panama, but the absence of locks would reduce the operational
requirement for electricity and eliminate the need for lockage water.

There are soveral cornstruction problems of foreign policy interest associated with Route
14. One problem which is uniqve to Route 14 would be interference with canal traffic
during construction. Route 14 would have a period of one to three months when it would

Sbe necessary to draw down from the level of Gatun Lake. This drawdown would permit the
water level in the new canal to seek its final elevation at sea level. Canal closure would be
annuunced well in advance but there would be major inconvenience to wurld shipping
nonetheles-..

The magnitude and corn-osiVion of the construction force requircd for Route 14 also
could have foreign policy implications. During the sixteen year design and construction
period construction personn,, would build up to over seven thousand during the fifth, sixth,
aind seventh years. The construction force would then taper off to about two thousand
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during the fifteenth and sixteenth years. Although considerable use would be made of
Pana, lian labor, a large portion of the construction force would probably be United
Stateb citizens under the employ of United States contractors. The acquisition of real estate
for Route 14 would not be expected to have a large dollar cost since construction would be
on land within the existing Canal Zone.

The operation of a sea-level canal along Route 14 would be considerably sim1elet than
the operation of the existing lock canal. It is estimated that about 2200 canal enployees
would be required, a major portion of whom at least initially would be United States
personnel.

Route 10
Route 10, the Chorrera-Lagarto Route, begins at the village of Lagarto, about fifteen

miles west of Colon on the Atlantic coast. It extends to the southeast across the Trinidad
arm of Gatun Lake and the Continental Divide to its Pacific terminus near the towvn of
Chorrera. Route 10 is generally parallel to the existing lock canal at a distance of about ten
miles from the canal. It intersects the Continental Divide eight miles from the Pacific, where
the elevation is about 430 feet above mean sea-level. The area between the Pacific Ocean
and Gatun Lake is generally rolling country while the area between Gatun Lake and the
Atlantic is lower but quite rugged.

The area traversed by most of Route 10 is relatively undeveloped. The coastal towns stre
accessible by highway but the interior roads are poor.

The overall length of Route 10 is about fifty-three miles, including ocean approaches.
The cost of construction is estimated to be about $2.9 billion. The land cut of Route 10 is a
little longer than Route 14 and greater excavation yardage is involved; however, Route 10
permits the use of less costly excavation methods. A larger range of choice in construction
equipment is possible on Route 10 where there are no construction restraints imposed by
existing structures or canal traffic.

Route 10 generally would avoid Gatun Lake, except for the Trinidad Arm and the
smaller CSno Quebrado Arm. Dams along that portion of Route 10 which traverses Gatun
Lake would be shorter than along Route 14. Construction and operation of Rout( 10 would
not interfere significantly with maintenance of Gatun Lake at its present elevation, and thus
would not affect the hydroelectric supply significantly.

Among the problems of foreign policy interest associated with Route 10 are those of
land acquisition and the possible operation of the present lock canal and a sea-ievel canal as
a single system.

Land acquisition problems for Route 10 would be more extensive than for Route 14.
The acreage of land required for construction, operation and maintenance of a sea-level
canal would not be greater in the case of Route 10 but acquisition would involve land
outside of the Canal Zone at a higher unit cost. The land near La Chorrera is well-developed
farming and grazing area. Canal construction would displace approximately two thousand
Panamanians but would not necessitate the relocation of the town of La Chorrera. Land
acquisition on Route 10 could prove to be a greater problem than on the othe: routes.

A canal on Route 10 would have a lesscr negative economic impact on the cities than
would construction on Route 17 or a canal outside of Panama. Some of the impact of
closing or reducing the use of the existing lock canal would be offset by construction of new
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facilities on Route 10. These facilities would probably employ about 2,200 personnel, the
same number who would be employed on a sea-level canal along Route 14. The net impact
would be a reduction of over two thousand operating and maintenance personnel and a
proportionate decrease of about 4000 supporting personnel compared with the existing
canal. The work force required to construct Route 10 would be comparable to that required
for Route 14.

Operation of a sea-level canal on Route 10 in combination with the lock canal would
allow at least 65,000 transits per year. Conversion of the lock canal to a second sea-level
canal, a possible means of expansion, could be deferred well into the next century. Two
sea-level canals could have a combined capacity of over 100,000 transits per year, a level not
likely to be required for well over a century.

Route 17
The feasibility of nuclear excavation is the key to the feasibility of Route 17. The two

issues interact, since not only does Route 17 mean nuclear excavation-but nuclear
excavation entirely within Panama must mean Route 17.

The roule is located in the Darien isthmus of Panama, where Balboa crossed in 1513.
The route connepts Caledonia Bay, an arm of the Caribbean Sea, and tlre Gulf of San
Miguel on the Pacific Ocean. The Continental Divide is about ten miles from the Atlantic
side of Route 17. Peaks rise well over a thousand feet. A crossing has been located at an
elevation of about 1000 feet. The length is about forty-nine miles of land cut plus almost 30
milcs of ocean approaches.

In the Darien region there is a complete absence of roads or railroads which could be
used to support the construction of a canal along Route ,7. This problem would be
alleviated by construction of the Inter-American Highway through the Darien Gap, a project
now in advanced stages of planning. The principal meant• of transportation Into the interior
hLve been by boat, foot, or aircraft.

The estimated cost of Route 17 is about $3.1 billion, assuming nuclear construction to
be feasible. This includes the cont of excava,'ing about 20 miles by conventional means
because of potential slope stability problems in the area. The cost of conventionao
excavation of the entire route would be prohibitively great, approximately $6 billion.

Lands affected, some privately owned, are largely undeveloped 'at present. There are
squatters living by subsistence farming throughout the area.

Route 17 offers several advantages for construction compared with the other routes in
Panama. These advantages derive primarily from the distance separating Route 17 from the
existing canal. There would be no interference imposed by Route 17 construction on the
traffic in the existing canal. The size of nuclear charges would be limited to preclude
significant damage due to ground shock to built-up areas such as Panama City.

The magnitude of the construction force would be It ss for Route 17 than for Roites 10
and 14. During the 16-year design arid construction period construction personnel would
build up from about one thousand the first yeat to four thousand during the second andi
third years. The construction force would average two thousand personnel during the last
four years of work.

There are construction problems of foreign policy interest associated with Route 17.
Danger to and disruption of lives must be taken into consideration. It would be necessary to
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evacuate inhabitants of the immediate area of the nuclear excavation reaches on Route 17
duing construc'.ion. This exclusion area is ont; of the most primeval and sparsely populated
in Central America. The population within the nuclear exclusion area is estimated at 43,000,
mainly tribal Indians and others living in small settlements or as migrants. Nuclear
excavation would yield a 1 ,000-foot wide channel capable of handling the ].rgest potential
traffic.

Route 23 (Figure IV-2)
On September 14, 1969 there was a Joint declaration by F anamanian Foreign Minister

Nander Pitty ar:. Colombian Foreign Minister Alfonso Lopez Michelsen recognizing a
common interest in a sea-level canal along Route 23, and in other possible routes as well.

Route 23 follows Route 25 along the Atrato River in Colombia about 30 miles. Then it
turns northwest into Panama and enters the Pacific at the Gulf of San Miguel near the
Pacific end of Route 17. Its total length is 146 miles including 27 miles of ocean
a, droaches. The highest elevation encountered is about 450 feet as compared to 930 feet on
Route 25 and 1000 feet on Route 17. The 1947 studies found many technical and cost
disadvantages due to length and excavation volume, and excessive angularity.

Route 23 would contribute greatly to the growth of an isolated and under-developed
area of the country and would be consistent with Colombia's nov-s toward regionalism and
close cooperation with its neighbors.

All Panamanian arguments against excavating a canal far from present population
centers are applicable. Also, Panama would have to share benefits from the canal with still
another country.

DEFENSE CONSIDERATIONS

The dcrfense of a sea-level canal will pose political problems regardless of the country hi
which it I.jht b- located. In Panama the political problem of defending a new canal differs
for each of the three routes being studied. There follows a discussion of the problems of
defense of each route.

Route 14
Defense of Route 14 would probably cause the least problems in the shert rin. The

United States base complex for this route is already in existence, and there would not be the
reaction associated with the initial introduction of a foreign military presence

Over the long run the defense forces for Route 14 have the disadvantage of be,ag very
1nu~n in the Panamanian eye. Major military installations are located in the immediate
vicinity of Panama's two largest urban centers. Panama City and Colon. A., the United States
presence in Panama diminished under the new lock canal treaty, and even more so under a
sea-level canal administration, a continued major United States military presence, so close to
urban centers, could attract criticism.

The loc•l defense troop requirements for a sea-level canal along Route 14 are currently
estimated al somewhat less strength than presently required in the Canai Zone.
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Route 10
The considerations which apply to the defense of Route 14 are in general applicable to

Route 10. Defense forces would be approximately the same and could be permanently
stationed in the present Zone base complex. New military construction would be slightly
larger than for Route 14, or in the vicinity of $13 million. It would be necessary to assure
access to the Caral Area. To do this, a minor United States military presence would have to
be established in a new area of Panama. This would probably be mor- troublesome on the
Pacific than the Atlantic side since the Pacific side is a well-developed farming area.

Since the base structure would remain almost completely intact, there would be no
lessening of the problem associated with a large United States presence near the population
centers of Panama City and Colon. There would be some reduction in troop strength needed
for defending the less vulnerable sea-level canal.

Route 10 Operated with the Lock Canal
The defense advantages of a sea-level canal on Route 10 have been discussed above.

These advantages would be somewhat greater in the canal system as envisioned; the present
canal would be usable if the sea-level canal were blocked. Defense of the standby canal
shuuld cause no major additional problems. The existing military bases are already suitably
sited, and the forces planned for the defense of Route 10 could, with acceptable risks,
provide protection for the standby facilities.

Route 17
All but twenty miles of a canal on Route 17 would be constructed with nuclear devices.

This canal would be less vulnerable to attack than any conventionally constructed canal,
primarily because the nuclear canal's greater depth would make it relatively invulnerable to
blockage by the sinking of ships.

Route 17 would require considerably more military construction than either Routes 14
or 10. Estimated cost of construction, including troop facilities, the road net, and high
performance aircraft landing fields is approximately $125 million. The forces required
would be substantially the same as for Routes 14 or 10.

Route 23
The defense of a sea-level canal constructed on Route 23 would raise complicated

questions for the United States, Panama and Colombia. Route 23 would be the most
difficult to defend of all the routes under construction due to its greater and winding length.
Canal defense requirements would thereby be more complex. Military construction costs
would also run higher than for the other routes.

Terminal Lake-Third Lane of Locks
One of the greatest disadvantages of th third lane of locks solution is that it would not

reduce materially the vulnerability of the lock canal to long-term iriterruption by sabotage
or military attack.The inability to transit the United States Navy's aircraft carriers and the
weaknesses of the locks and of the high level lake would remain unchanged.
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ECONOMIC CONSIDERATIONS

Economic Impact of the Canal on Panama
Activities associated with the Panama Canal along with United States military activities

in the Canal Zone have played a major role in the economic development of the Republic.
The Republic itself has a private enterprise economy within a land area about 480 miles
from east to west, which varies in width from 30 to 120 miles. Its population is presently
estimated at 1.4 million, of whom 48% live in towns containing 1,500 inhabitants or more.
This is the smallest population of any independent country in Central America with one of
the lowest population de.isities. About 85% of the population is literate.

The land area of Panama is divided into two almost equal parts by the ten-mile-wide
Canal Zone. Although the Zone is under the jurisdiction of the United States Government,
the Republic of Panama has free transit rights across it without customs or other
restrictions. Almost all of the nonagricultural activity of the country takes place in the
Colon and Panama City areas, adjacent to the Zone. David, the third largest city, is the
center of Panama's principal agricultural and cattle area. The area to the east of the canal
consists primarily of undeveloped swamp, forest, and some farm land.

The Panamanian monetary system is based on the United States dollar to which the
Balboa is pegged at a one to one ratio. The monetary agreement of 1904 between the
United States and Panama provides the basis for the quantity and content of the
Panamanian currency. Although prices and accounts in Panama are stated in Balboas, issue
of the Balboa is limited to the silver Balboa aad subsidiary coins. United States currency
circulates freely and is the principal medium of exchange. Banks hold dollars to satisfy legal
reserve rquirements. Thus, both government expenditures and domestically financed
investment expenditures are closely tied to the amount of foreign exchange available to the
economy. The government is circumscribed in its ability to increase the money supply at its
discretion to finance its own spending, except by borrowing.

Panama is greatly dependent on imported goods and has had a continuing and widening
negative balance of trade. This imbalance has been covered mainly by the inflow of private
capital and by external borrowing. Private investment cannot directly be expanded by
domestic borrowing because the lending ability of banks depends on their dollar position.
However, private investment can be expanded through external borrowing. Thus, the
expansionary effects that government or private investment spending might have are limited
to-and can be summarized by-the amount of external financing that can be obtained.
Dollar availability is, therefore, the crucial factor in the country's economic expansion.

The canal operation and activities associated with it are by far the largest single source
of dollar earnings with the total of net exports of goods and services due to the canal and
United States military activities estimated by the Stanford Research Institute as comprising
66% to 75% of all earnings from the export of goods and services. United States military
activities in the Zone account for 35% to 38% of the combined canal/military total above.
Canal re!ated earnings in turn exert a multiplier effect of between 1.13 and 2.77 on overall
national income levels.

The economic impact of the canal is particularly significant in the Panama City and
Colon metropolitan areas. There, employment for about 22,300 (12.5% of total
employment) is provided directly by the Zone. Since the average wages of most workers in
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the Canal Zone are significantly greater than the wages of the average metropolitan worker,
the incorne of the .ormer plays an even more important role. If th. indirect effect of this
direct foreign exchange input is taken into account, it is estimated that abovt 74% of the
total employment of the metropolitan area would directly and indirectly be due to the
canal.

Tables TV-I and IV-2 provide data on gross payments and income flow directly to the
Republic of Panama from the Canal Zone and on salaries and net income of non-United
States citizen employees of the Canal Zone resident in Panama.

TABLE IV-1

ESTIMATED GROSS PAYMENTS AND INCOME FLOW TO THE
REPUBLIC OF PANAMA FROM THE CANAL ZONE

(1967 and 1968)

(In Thousands of Dollars)

1967 1968
(preliminary)

1. Wages and salaries paid to Panamanian
residents employed in the Canal Zone $ 58,761 $ 65,109

2. Retirement and disability payments to
Panamanian residents 4,479 5,508

3. Direct purchases in Panama by U.S.
Government Agencies 19,402 21,090

a) Goods 13,868 16,235
b) Services 5,534 4,855

4. Purchases of goods in Panama by private
organizations operating in the Canal Zone 11,342 10,000

a) Petroleum products 6,F42 5,000
b) All other goods 4,LJO 5,000

5. Contractors' purchases in Pawama of goods
and services for Canal Zone projects 8,272 11,704

6. Expenditures made in Panama by residents
of the Canal Zone 30,744 33,885

Sub-Total 133,000 147,296

7. Panama Canal Annuity . 1,930 1,930

Total 134,930 149,226

Explanatory Notes

Item No.
1. Gross payrolls, non-U.S. citizen residents of Panama employed in the Canal Zone

by U.S. agencies, contractors, and private organizations (e.g., shipping agents,
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TABLE IV-1 (Cont'd.)
clubs, churches, oil companies, banks, employee associations). Does not include
wages of Panamanian residents employed by private individuals and households;
the latter are included in the estimates given in Item No. 6 below.

2. The sum of disability and relief payments to Panamanians by Panama Canal
Company/Canal Zone Government and retirement checks distributed to Pana-
manians by United States Embassy, Panama.

3. Aggregate amounts of goods and services purchased in Vinama by U.S. agencies
operating in the Canal Zone as reported quarterly by the respective agencies.

4. (a) Figure supplied by Office of Comptroller General of the Government of
Panama.

(b) Estimated on the basis of sample surveys.
5. Estimated on the basis of sample surveys.
6. Expenditures for goods and services purchased in Panama by U.S. and non-U.S.

citizen residents of the Canal Zone including wages paid Panamanian residents
employed in the Canal Zone by private individuals and households. Estimated on
the basis of sample surveys.

TABLE IV-2

SALARIES AND NET INCOME OF NON-U.S. CITIZEN
EMPLOYEES OF THE CANAL ZONE RESIDENT IN PANAMA

(1967 and 1968)

(In Thousands of Dollars)

1967 1968
(preliminary)

Gross Salaries Received From $58,76 $65,109
U.S. Agencies 53,123 58,338
Contractors 2,278 2,991
Private Organizations 3,360 3,780

Leos 7.54 ,.4
Deductions for retirement funds 3,160 3,448
Expenditures for:

a) Hospital Fees 1,158 1,286
b) Transportation and

Service Center Fees (1) 3,222 3,314

Net Income 51,221 57,01

rNOTES:
(1) Expenditures at service centers represent authorized purchases of small articles,

such as meals, candy, chewing gum, tobacco and similar articles.
Data do not include the earnings of non-U.S. citizen employees resident in the
Canal Zone.
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OTHER ECONOMIC OPPORTUNITIES

Normal Economic Development
Panama's economic growth for the period 1961-68* shows an average annual increase in

the Gross Domestic Product (GDP) of 7.5%-the highest rate achieved by any counitry in the
hemisphere. The steadily rising demand for goods and services by the Canal Zone and to a
lesser extent by the Colon Free Zone has played a key role in stimulating domestic
investment and export-oriented activities. During the period 1960-68, earnings from the
Canal Zone increased on the average by 10. 1% per annum. Thus the importance of the Canal
Zone and related activities to the continuing growth of Panama's economy is unquestioned.

Future growth, however, will also depend to an important extent on three additional
factors:

(1) Panama's ability to maintain and increase its present exports to areas other than
the Canal Zone;

(2) the promotion of new exports and services: and
(3) the mainternance of high levels of domestic investment.

(1) Ability to Maintain and Increas Present Exports:

Bananas: Bananas are Panama's principal export, accounting in 1968 for 54% of the
country's visible exports. Assured of foreign markets and favorable prices, banana
production has grown at a yearly average of 12% during the 1961-68 period. The Chiriqui
Land Company, a United Fruit Company subsidiary which is the principal banana exporter,
expanded its area of activities substantially in 1966 and is now corsidering doubling its
operations by 1973.

Petroleum Products: Since the beginning of operations of the petroleum refinery in
1962, exports of refined petroleum products to ships transiting the canal as well as to the
world market have achieved increasing importance. In 1968 such exports amounted to
about 20% of total exports. The refinery increased its capacity in 1968, which allows it to
increasc exports further. In addition, construction of a multi-million dollar petrochemical
complex is under active consideration. The new plant will greatly expand the export
potential of Panama's petrochemical industry. Panama has no known petroleum resources
and all crude petroleum is imported.

There has also been discussion in Panama of constructing a transisthmian pipeline to
transport bulk shipments of crude petroleum from tankers on the Pacific side of the Isthmus
to ones on the Atlantic side.

*For consistency, all figures used in this section end with calendar year 1968.
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Shrimp: Exports of shrimp have risen steadily between 1963-68, though at a
decreasing rate of growth, and in 1968 constituted aboit 11% of total exports. The slow
growth was due to supply limitations rather tha.n a lack of markets, and the Secretariat of
the Inter-American Committee of the Alliance for Progress (CLAP) has recommended that
possibilities be studied to increase: the catch of shrimp.

Sugar: In 1968 sugar exports amo,,,ited tn 3? million tons, virtually equal to the
United States sugar quota for Panama. Sugar at the prestt time constitutes Panama's fourth
most important export, and in 1968 amounted to about 57' of total export.

(2) Promotion of New Exports and Services:

Tourism: Tourism is an important earner of foreign exchangv, accounting in 1968 for
about 23% of Panama's net foreign exchange earnings in its balanck, on goods and services.
In 1968 travellers from the Canal Zone accounted for more than two-thirds of these
earnings, but in previous years earnings from foreign countries mote nearly equalled the
tourist earnings from the Canal Zone. At the present time Panama has vn estimated 100,000
visitors a year, but plans are under way to double this number within tLe next few years. It
is considered that the estimated 250,000 transit passengers through Panama each year
constitute a good potential for achieving this goal, and projects are under way to expand
and improve services at Tocumen International Airpoi ,ncrease the country's hotel room
capacity and develop new tourist attractions.

Meat and Lihestock: In 1968 the value of livestock output amountec to $25 million
and represented about 17% of Panama's agricultural production. Exports of meat and
livestock amounted to only $1.7 million. With the expansion of livestock production, which
increased by 50% between 1961 and 1968, possibilities for a gradual rise in exports appear
good. The ClAP Secretariat estimates that by 1971 exports of meat product:, and livestock
will amount to $4 million.

Fishmeal: The CIAP Secretariat projects a rapid growth of exports of fishmeal,
reaching $8 million in 1971.

Citrus Products: Exports of citrus products are a new addition to Panama's foreign
exchange earnings. Citricos de Ch- iqui, S.A., which ha& been preparing its plantations and
other facilities since 1964, was scheduled to begin exporting fruit and juice in 1968.
However, technical problems continue to thwart production and it appears increasingly
unlikely that CIAP Secretariat projections for exports amounting to $4 million by 1971 will
be met.
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(3) Maintenance of High Levels of Domestic Investment:

D( mestic investment levels as a percentage of the Gross Domestic Product hovered
around !.9% per annum for the 1961-68 period. Most of this high rate of productive activity
in the eco.lui..y was generated by the private sector, which in 1968, for example, accounted
for 82% of total investment outlays. The investment boom of the 1960's resulhed from a
high rate of domestic savings, supplemented by capital inflows from abroad, mostly on
private account. Since 1968 the public sector has sustained the high investment level. On the
basis of recent government plans and statements, it may be assumed that public sector
investments will continue to increase rapidly over the next few years.

Darien Highway
The Darien Gap Highway is the last unfinished link of a Pan American Highway

network connecting the South American continent with Central and North America. The
project has been under study for some 15 years by the Darien Sub-Committee of the Pan
American Highway Congress. The Subcommittee has prepared estimates for the construc-
tion of 401 kilometers of road, 320 of which are in Panama and 81 in Colombia. The
currently estimated cost of an asphalt-paved road is $150 million over a five-year
construction period. President Nixon has indicated United States willingness to provide a
substantial portion of the funding for the project and an appropriation is now being sought
for this purpose.

No detailed study has yet been made of the implications for the Panamanian economy
of constructing the Darien highway. Its value would obviously be enhanced were it to serve
as a link to a canal on Route 17.

Various reports, however, describe the Darien region as rich in commercially exploitable
timber resources, suitable for banana plantations, and potentially attractive for international
tourism. As to the economic impact of the construction as such, we believe it would be
highly favorable.

Mineral Deposits
Simultaneous announcements from the United Nations Development Program and the

Government of Panama in April i 968 revealed the discovery of copper and molybdenum in
Panama in sufficient quantities to justify more extensive exploration efforis. Estimates of
the extent and value of the initial find in the Donoso District of the Province of Colon vary,
with optimic*,ý putting its potential in the "multi-million dollar range," while some mining
officials contend they will need considerably more information before they decide if the
copper is worth the expense of digging it out. The area of the discovery is one of intense
rainfall and tropical growth, about 15 miles from the Caribbean Sea. Thorough exploration
of the site is expected to cost $5-S 10 million.
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Additional copper discoveries were announced in a region adjacent to the original find
in January 1969. The United Nations and the Panamanian Department of Mineral Resources
have extended the original exploration and have announced approval of a second project for
the central range. While thest. minerals couid prove to be a resource capable of
supplementirig the canal in importance to Panama, their worth and exploitability remain to
be established.

Regional Economic Integration
One way of broadening the economy's base would be for Panama to associate itself

with one of the regional trading groups, such as the Andean Group of the Latin American
Free Trade Area (LAFTA), the Central American Common Market (CACM) or the proposed
Caribbean Trading Group (CARIFTA).

Three major obstacles to Panama's entry into a re'gional market are: (a) the strong
attraction to foreign imports of Panama'r higher-income, commercial market; (b) the
potential loss of some benefits from Panama's predominant position in the canal market;
and (c) the Panamanian monetary system.

UNITED STATES PRIVATE INVESTMENT AND TRADE
WITH PANAMA

Panama has continued to attract a share of direct United States private investment in
Latin America disproportionate to its population and size. Of the approximately $13 billion
total of United States private investment in 19 Latin American republics in 1968, $922
million was located in Panama. The three major areas of direct United States investment
are local trade, agriculture and petroleum refining. There are considerab!e individual
investments in telecommunications. eleltric power, and banana plantations. In addition,
more than 200 United States firms use the Colon Free Trade Zone for manufacturing,
processing, warehousing and trans-shipping goods to Latin America. United States interests
in the petroleum, mining, power, and hotel industries will provide areas for continuing
direct private investment in the future.

The United States is Panama's principal trading partner. In recent years the United
States has taken about 60% of Panamanian exports and has supplied about 40% of its
imports. Bananas, shrimp, and refined petroleum products are the principal exports. In real
terms, the value of trade with the United States reflects the republic's overall excess of
imports over exports, with Panama's exports to the United States totalling $73.1 million
and her imports from the United States reaching $93.5 million in 1 968.
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UNITED STATES ECONOMIC ASSISTANCE TO PANAMA

The Agency for International Development's technical and economic assistance to
Panama since the inception of the Alliance for Progress (FY 1961-FY 1969) totais $137
million, averaging about $15.2 million per year. About $35 million of this amount has been
in grants, the rest in long term development loans. On a per capita basis, this represents one
of the highest outlays of United States assistance in the world.

ECONOMIC IMPACT ON PANAMA OF ALTERNATIVE ROUTES

The principal economic issues that would be created for Panama by the construction
and operation of a sea-level canal are: (a) inflationary pressures during the constrwuAion
period of a sea-level canal in Panama; (b) deflationary pressures when a sea-level canal
becomes operational; and (c) the shift of certain activities from the Panama and Co'on areas
to the Darien Region if a sea-level canal at Route 17 were opened. Following is a summary
of the findings of the Stanford Research Institute's study of economic implications of
alternative sea-level canals as they apply to these issues. These findings are summarized in
Figure IV-3 and IV-4 and Tables IV-3 and IV-4. For analytical purposes it was assumed that
a sea-levdl canal or a third lane of locks would commence operations in 1985.

(a) Inflationary Pressures During Construction
The construction of a sea-level canal combined 'ith increased benefits from the existing

canal* would have a limited inflationary impact t.n the economy. In peak construction
years, the levels of Gross Domestic Product (GDP) relative to the levis without
construction (but with increased benefits from the existing canal as contemplated in the
1967 treaty drafts) are estimated as follows:

Route GDP Employment

10 4-10.5% -7.6%
14 410.3% -48.1%
17 411.6% 49.5%
3rd Locks 4 6.3% 46.2%

Given the normal "slack" existing in a country such as Panama, the impact of
construction expenditures would have a buoying effect which could be handled withcut
undue inflationary pressure. However, there is good reason to believe that something kss
than the normal amount of slack will exist during the peak construction periods. The rapil
increase in GDP which occurred in the 1960's is expected to continue into the 70's. The
foreign exchange earnings resulting from construction as well as additional earnings from
any new treaties would have a multiple effect on GDP. Even this inflationary pressure,
however, wil tend to dissipate itself in the form of increased imports because of the lack of
barriers to trade in the economy.

*The Stanford Research Institute based its projections of revenues from the existing canal on the assumption thst
provisions such as those contained in the 1967 treaty drafts would be ywc.-,g increased revenues to Panama.
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The hirportant constraint in Panama is the effective size of the labor force. In boom
periods people are drawn into employment who were never officially considered part of the
labor force. Half of Panama's population is still in the rural sector; one would imagine a very
large nool of ual,!-, labor to exirt there. Taking the potential as well as officially projected
labor forces into account, there would probably be sufficient manpower available to meet
not only the construction needs, but also the needs of a greatly expanding domestic
economy. It should be noted, however, that the labor force as officially projected would not
itself be sufficient to meet these demands fully.

(b) Deflationary Pressures when Operation Begins

The opening of a sea-level canal would impose very slight deflationary pressures as
compared to levels during construction in the cases of Routes 10, 14 and 17. If the sea-level
canal were operated in Colombia on Route 25, there would be a drastic reduction of GDP in
Panama. The opening of an enlarged lock canal, or of a canal system including the sea-level
canal on Route 10, would actually provide higher levels of income than existed during
construction.

GDP levels, once a sea-level canal is in operation in Panama, would, except as noted
abov.-e tend to return from the abnormally high levels during construction to a level much
closer tu that which would prevail with the lock canal. In most operational years GDP
would be greater than it would be with the lock canal.

In the case of either Routes 10 or 14, GDP might be about $16 million per year less for
the three years immediately following completion of construction than GDP would have
been with a continuation of the lock canal. Over the same three-year period, GDP with
Route 17 would be a maximum of $29 million less per year. These decreases in GDP relative
to conditions under the lock canal would all be temporary and wouid amount to only one
percent or less of the total GDP.

For the enlarged lock canal the excess of GDP relative to the projection without a new
canal ranges from about $140 million in 1985 (6.2%) to about $252 million in the year
2000 (5.8%). For a canal system utilizing Route 10 and the lock canal the excesses range
from about $143 million in 1985 (6.3%) to about $228 million in the year 2000 (5.2%).
Employment levels would tend to follow the same patterns of change. These predictions
assume that a sea-level canal would be accommodating greater traffic than a lock canal
which would have reached capacity in 1985.

If a sea-level canal were operated in Colombia along Route 25, Panama's GDP is
predicted to drop about 26% below the projected GDP under the present lock canal. A very
significant lower level of employment would occur if the canal were to be located in
Colombia. It is estimated that the employment level in Panama would be 33% lower than it
would be with a continuation of the existing lock canal alone, assuming that there are no
efforts by the Panamanian government beforehand to compensate for the impact.

(c) Economic Dislocation Caused by Route 17

The total emoloyment level of the Republic is estimated to be about 1.2% lower with a
canal on Route 17 than that without a sea-level canal. It would be about 13% lower in the
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TABLE IV-4

SUMMARY OF PROJECTED CHANGES IN
PANAMANIAN EMPLOYMENT BY THE PCC/GOVERNMENT

AND U.S. MILITARY AIND IN FOREIGN EXCHANGE" THAT WOULD RESULT FROM
THE PROPOSED TREATIES AND CANAL ALTERNATIVES

(Income in Millions of Dollars at Current Market Prices)

Cn Tasup

EJieqad Leek Cad Leek Cued and Reets 16

Preaet New Empley- Emeley-
Leck Alter- met Fsip Exele meet Felp Excl•

Yw Cand netRoeo loot Diratt Re"uty th Told (Wit Oket ReT(yty Othw Total

1970 111 111 -0.1 6 17 1 24 -0.1 6 17 1 24
1971 118 118 -0.4 9 19 2 30 -0.4 9 19 3 31
1972 126 126 -0.8 14 22 2 31 -0.8 14 22 4 40
1973 134 134 ..09 21 25 3 49 -0.9 21 25 39 85
1974 142 142 -1.8 19 28 8 55 -1.8 19 28 53 lop
1975 150 150 -2.2 16 31 37 84 -2.2 16 31 52 99
1976 159 159 -2.0 15 33 40 8a -2.0 15 33 48 96
1977 168 168 -1.9 14 35 36 85 -1.9 14 35 44 93
1978 178 178 -1.9 13 37 31 81 -1.9 13 37 45 95
1979 i1 181 -is 11 39 29 79 -1.9 11 39 44 94
1980 199 199 -1.7 10 42 30 82 -1.7 10 42 45 97
1981 210 210 -1.7 9 44 28 81 -1.7 9 44 38 91
1982 218 218 -1.7 8 46 28 82 -1.7 8 46 35 83
1983 219 219 -1.9 8 46 25 79 -1.6 8 46 38 92
1984 220 220 -1.7 8 46 22 76 -1.7 8 48 33 87
1985 222 240 -OA 15 51 19 85 0.1 17 51 17 85

a6w 224 258 -CA 27 55 26 108 0.1 33 55 22 110
1987 226 276 -0.3 27 59 29 115 0.2 33 59 23 115
1938 228 294 -0.3 27 63 32 122 0.2 33 63 24 120
1989 229 314 -0.2 27 67 35 129 0. 33 67 25 125
1990 231 329 -0.2 27 70 38 135 0.3 33 ; 26 129
1991 233 345 -0.1 27 74 41 142 0.4 33 74 27 134
1992 234 361 -0.1 27 77 44 148 0.4 33 77 28 138
1993 236 377 0 26 81 47 1564 0.5 33 81 29 143
1994 238 394 0 26 85 50 161 0.5 33 85 30 148
1995 239 411 0.1 26 89 53 168 0.6 33 a 31 153
1996 241 429 0.1 29 92 56 174 0.6 33 92 32 157
1997 243 447 0.2 26 96 59 181 0.7 33 96 33 162
1998 245 466 0.2 25 100 62 187 0.7 34 100 34 168
1999 247 485 0.3 25 104 65 194 0.8 34 104 35 173
2000 248 505 0.3 25 109 65 202 0.9 34 108 36 179

*Foreign exchange attributable to the canal from the ale of goods end services. Capitel inflows not included.
tDirect Panamanian employment of PCC/government (Coa.l Administration) and US. military.
tForeiqg exchange directly from PCC/government (Canal Administration) and US. military.

Source: Stanford Rt~arch Institute.
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Panama-Colon metropolitan area. One reason for the lower level in the Route 17 case is that
there would be a shift of about 41,600 employed persons from the metropolitan area to the
Darien area. In terms of GDP the total amount of activity that would shift to the. Darien
region is estimated to be about $284 million. Substantial programs to mitigate the adverse
economic impact on the Colon-Panama area would be required by such a shift.

The economic role of the United States military in Panama is projected by the Stanford
Research Institute's study as decreasing during the operational years of a sea-level canal in
Panama, although it will still be significant. It is estimated the United States military will
account for about 9% of the total GDP at the time of completion of the canal, decreasing to
about 7% in the year 2000, for any of the routes in Panama.

POLITICAL CONSIDERATIONS

The Panama Canal is a key element in Panama's political life. It has helped shape the
structure of the country's society and set the pattern of its economy. As Panama's primary
source of income, the canal largely determines the total amount of economic resources
available for allocation. As the single most important stimulus to Panamanian nationalism,
the canal is also a readily exploitable emotional issue. 1hus, the replacement of the existing
canal by a sea-level canal would be a matter of profound importance to Panama's future.

Panama's attitude toward a sea-level canal will inevitably be shaped by past experience
with the existing canal. Most Panamanians are convinced that the United States has not
dealt fairly with their country on the Panama Canal. In negotiating an agreement on a
sea-level canal, Panama may be expected to place special emphasis on such issues as
jurisdiction and economic benefits. Yet, although there are a number of potentially
troublesome political problems involved in obtaining suitable new treaty terms with
Panama, there are also many considerations which work in favor of United States-
Panamanian agreement.
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CHAPTER V

SITING A CANAL OUTSIDE PANAMA

PROBLEMS CREATED BY CONSTRUCTION OUTSIDE PANAMA

A decision by the United States to construct a sea-level canal somewhere outside
Panama would confront this country with a major diplomatic and political problem with
Panama. The canal is so essential to Panama's economic well-being that even the prospect of
its effective removal would result in an immediate downturn in the country's growth; actual
siting of the canal elsewhere would result in the collapse of the urban economy. The almost
total dependence of Panama's urban centers on the canal is illustrated by the fact that
nearly seventy-five percent of urban employment is related directly or indirectly to the
waterway.

COLOMBIA AND A SEA-LEVEL CANAL

Discussion of Posrible Routes

Rou*z 25 (Figure V-i)
Route 25, considered for construction by a combination of nuclear and conventional

methods, is located in the northwestern region of Colombia near the border with Panama.
The route is approximately one hundred miles in length and, like Route 17, is located in an
area remote from centers of population.

Most of Route 25 follows the northern portion of the Atrato River Valley, and would
be excavated by conventional dredging techniques. The exact transition point from
conventional to nuclear excavation would depend upon the nature of the geology in the
upper reaches of the Truando Valley and the suitability of the soil for nuclear excavation.

The entire length of Route 25 is within the Choco Province of Colombia. The
dominating terrain feature is the Atrato River, whicb ailtls Route 25 for about fifty
miles from the Gulf of Uraba to the town of Rio Su( ar the confluence of the Atrato
and the Truando Rivers. The slope of the Atrato Valley .-jor is very slight and the character
of the terrain is low lying swampland with large portions of the valley floor inundated
during the wet season. The route is located in one of the heaviest rainfall regions of the
world. Several localities receive over three hundred inches of rain a year. Transportation
facilities are extremely limited on Route 25, particularly in the mountainous area along the
Pacific coast, where heavy rainfall and h*iavy forestation combine to make road construction
very costly. The chief means of transportation along the eastern portion of Route 25 is by
boat, using the Atrato River as a primary route. The swampy nature of the terrain makes
road construction extremely diff'cult in the Atrato Valley.

The region traversed by Route 25 is largely underdeveloped. A limited amount of
agricultural and lumbering operations is carried on in the area.

The Continental Divide is crossed by Route 25 near the Pacific Ocean where the
elevation of the Divide is about 930 feet. The Route terminates on Humboldt Bay near the
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mouth of the Curiche River.
The estimated cost of Route 25, excavated by a combination of nuclear and

conventional means, is $2.1 billion.
The primary construction problems of foreign policy interest involve the relocation of a

portion of the local population and the introduction of a United States construction and
operation force. As in the case of Route 17 the inhabitants are largely tribal in nature.
Considerable care would have to be taken to relocate these people to assure the minimum
disruption of their normal cultural and economic lives.

Design and construction would continue over a 13-year period and would entail a peak
personnel requirement of about six thoesand men.

Operation of a sea-level canal along Rotite 25 would be considerably simpler than
operation of the existing canal. It would nuW be as simple as the operation of Route 17
because of its greater length. An estimated farce of 3,000 personnel would be required for
operation, a maje -portion of whom would not have to be United States citizens.

Route 23
Route 23, extending through Colombia and Panama, is discussed under alternative

routes in Panama.

bfense Issues
The defense of Route 25 raises difficult political questions for the United States and

Colombia. Canal defense requirements for United States forces would be somewhat larger
than for the Panamanian routes. Military construction costs would run significantly higher
than for Route 17 because more facilities would have to be located in the canal area. There
would be no nearby support bases (assuming abandonment of the present Panama Canal
bases) The nearest would be Puerto Rico-900 miles away.

Economic Issues
Economic benefits to Colombia from a canal would be substantial. Construction and

operation of the canal would bring new income from tolls and port activities, provide
increased employment and generate much needed foreign exchange earnings. Employment
directly and indirectly due to the canal is estimated to range from 20,000 to 100,000 over
the ten-year construction period. When this canal would be operational, employment
directly and indirectly attributed to the canal would be about 200,000; this would be a
significant benefit to Colombia where heavy unemployment is a major problem. The net
incremental foreign exchange injection into Colombia from the canal would range from $83
million annually during the construction period to $206 million at the beginning of the
operational period. This $206 million would represent about 15% of other total export
earnings in 1985. Further, the canal would be certain to have an important impact on the
underdeveloped Choco region in which it would be situated.

A SEA-LEVEL CANAL THROUGH NICARAGUA-COSTA RICA (Figure V-2)

The Nicaragua-Costa Rica Route (Route 8) was discarded from further consideration by
the Atlantic-Pacific Interoceanic Canal Study Commission because of its expense in
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comparison with other canal routes. Both nuclear and conventional construction techniques
were examined on a route lying just south of Lake Nicaragua. It was estimated that a
conventionally constructed sea-level canal would require a prohibitively high cost ($11
billion). On the other hand, while actual cornstruction cost of a naclear canal would be much
lower ($5 billion), the necessary relocation of 675,000 inhabitants would involve
unacceptable social and economic costs.

The Study Group did not find any significant foreign policy advantages that would
counterbalance these technical disadvantages.
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CHAPTER VI

HEMISPHERIC INTEREST IN A SEA.LEVEL CANAL

ECONOMIC CONSIDERATIONS

Effect of the Canal on Latin American Trade
Latin American countries characteristically rely heavily on the export of basic

commodities, and this export trade is almost entirely dependent on ocean shipping.
Latin American trade makes up a relatively small percentage of the canal's total traffic.

Of the traffic transiting the canal fro. n the Pacific to the Atlantic in i968, 3.9% terminated
in Latin America and 31.5% originated there. The Latin American contribution in the
opposite direction was 19.0% bound for Latin American ports ý,nd 17.2% shipped out of
them, but most of the latter figure and 27.8% of the entire Atlantic to Pacific trade
represents petroleum products being shipped from Venezuela or West Indian refineries.

The principal United States trade with Latin America is not trr,- sported through the
canal. The canal is an important link for the passage of ore from the A ,st coast of Latin
America, and manufactured goods from the east coast of the United States. Scme petroleum
passes from the Caribbean Sea to the west coast of the United States. Yet only 10% of
United States imports from Latin America come through the canal and on!y 20% of UJnited
States exports to the area pass through that route.

Since Latin American trade either in origin or destination accounts for only 5-10% of
total canal trade when the Atlantic to Pacific petroleum trade is excluded, the Latin
American countries are not major contributors to total canal revenue. The canal, however, is
a major determinani of the economies of several Latin American countries. Table VI-I on
the role of the Panama Canal in world ocean trade- 1969 demonstrates the high percentage
of the trade of various nations of Latin America which utilize the canal.

This overwhelming economic reliance on the canal by Ecuador, El Salvador, Nicaragua,
Chile, Peru, Panama, Guatemala and Costa Rica, and to a lesser extent Colombia , Honduras,
Mexico, and Venezuela, may result in political effects which far outweigh their
contributions to canal revenues. At the present time tle canal is taken for granted in most
of these countries, but public awareness could grow rapiily if the economic welfare of these
countries seemed threatened by changes in the canal operation.

The significant effect of the various proposed canal options on Latin American trade
would be the effect of the particular option upon shipping costs. The construction and
operating costs of the several canal options vary considerably. To the degree toll rates are
affected by construction costs, the exports of these countries would be more or less
competitive in world markets in direct relation to the cost of the canal. The v:-rious canal
options could affect Latin American trade. Due to the relative speed and ease with which
ships could utilize a canal, the different canal options would result in varying transit times.
To the extent that transit time is reduced, shipping costs would be lowered.
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TABLE VI-1

PANAMA CANAL USERS. FISCAL YEAR 1969'

Long Tons of Commercial Cargo Percent of Country's
Country Origin Dastination Total Oceanborne Trade

United States 44,010,410 27,618,123 16.8
(U.S. I ntercoastal) (3,851,326) (3,851,326)

Japan 7,396,52b 33,558,400 11.7
Canada 7,280,101 2,335,207 7.5
Vene-uela 8,528,294 704,973 4.7
Chile 3,325,839 4,063,013 39.6
Peru 4,670,162 1,768,126 39.0
United Kingdom 979,589 3,362.642 2.0
Netherlands West

Indies 3,720,671 113,646 4.5
Netherlands 470,062 2,737,548 1.7
Australia 1,668,788 1,367,957 4.1
West' Germany 790,825 2,085,378 2.6
Ecuador 969,258 1,215.417 72A4
Philippine islands 1,534,594 545,703 8.3
New Zaal2nd 1,309,822 702,091 17.6
South Korea 252,799 1,672,353 12 2
Colombia 1,061,716 611,011 22.2
Cuba 1,084,094 479,554 9.8
Panama 1,229,607 331,358 31.5
Canal Zone 17,165 1,436,424 -
Mexico 677,417 758,039 12.8
Belgium 706,125 794,153 1.9
France 334 326 941,959 0.9
Italy 185,766 1,032,002 0.6
Formosa 307,414 P23,642 8.9
El Salvador 207,8C9 870,014 68.1
Poland 343,564 75,297 2.9
Trinidad/Tobago 680,661 108,642 2.3
South Vietnam - 772,063 10.2
Nicaragua 166,801 494.Fr,75 55.1
Brazil 387,816 240,668 1.3
Puerto Rico 100,397 514,360 -
Soain/Portugal 108,216 452 971 0.8
Jamaic3 427,746 1 '13,646 4.0
China 343,290 192.271 2.5

(Continued on following page)

Couwtries are ranked in accordance with total 0, origin and dletineoin cargoes in Fiscol Year 1969. Canai

per cent of country's total occianborne trade is baned upon data contained ,n the UOwited Natio,,. Statistical
Yearbook, 1970.
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II

TABLE VI-1 (Cont'd.)

PANAMA CANAL USERS, FISCAL YEAR 1969

Long Tons uf Commercial Cargo Percent of Country's
Country Origin Destination Total Oceanborne Trade

Costa Rica 276,139 237,150 30.9
Guatemala 74,396 407,349 30.9
Indonesia 66,578 413,416 1.8
Hong Kong 193,990 230,662 3.7
East Germany 355.160 48,179 4.2

French Oceania 130,498 246,157 -
Sweden 164,508 195,267 0.5
British Oceania 319,320 38,007 -
British East Indies 188,277 22,919
Netherlands Guiana 28%".765 - -

Honduras 210,642 20,602 13.6
USSR 187,477 32,731 0.2
Thailand 68,656 151,272 1.7
North Korea 57,493 127,350 12.1
Denmark 52,777 128,345 0.6
West Indies Associated
States 134,371 40,023 -

Norway 103,574 66,836 0.3
Finland 153,050 - 0.6
Guyana 140,418 -- 2.8
Yugoslavia 11,491 128,340 1.1
Arger 36.886 56,355 0.5
South Africa - 92,317 0.4
lrisn, Republic - 75,831 0.7
Haiti and Dominican
Republic 10,004 59,844 1.6

Rumania 62,867 - 0.9
Isra' -56,452 0.9
Libya 40,278 -
Greece 32,423 0.2
Lebanon 26,380 0.1
Morocco 12,995 0.1

Mozambique - 10,00 0.1
British Honduras 1,636 - 0.8
All Others 2,311,328 3,299,726

T'"TAL 101,391,132 101,391,132
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Contribution t, Latin American Economic Integration
One of the first effect3 of the opening of the Panama Canal in 1914 was to eliminate

the trade route around Latin America and as a result decrease the commerce among Latin
American countries. The pattern of trade shifted. Even when trade did take place between,
for example, Peru and Argentina, it was often trans-shipped through London.

One of the basic assumptions of the Latin American Free Trade Association (LAFTA),
as well as of the And.-an subregional group, is that there are important economies of scale in
the production of many industrial goods. At present many high cost industrial products are
produced in Latin America for limited national markets behind import barriers. It is hoped
that LAFTA and other international efforts will lead to the replacement of numerous small
and inefficien-t plants by more efficient units scaled to producing for a multi-national
market. However, the scope of the market and the event to which the advantages of large
scale production can be realized arc limited by transport costs among other things. Thus a
more efficient canal would contribute toward achieving the goal of Latin American
economic integration.

NUCLEAR CONSIDERATIONS

Latin American Nuclear Free Zone
The Treaty for the Prohibition of Nuclear Weapons in Latin America does not prohibit

the nuclear excavation of an interoceanic canal by the United States. Article 18 permits the
contracting parties to collaborate with third parties for the purpose of' carrying out
explosioas of nuclear devices for peaceful purposes in accordance with specific provisions. It
includes requirements that contracting parties must provide certain information to the
International Atomic Energy Agency and to the regional control institution for the treaty.
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CHAPTER VII

WORLDWIDE ASPECTS OF CONSTRUCTING A
SEA-LEVEL CANAL

NUCLEAR EXCAVATION

International Treaty Restrictions
In addition to the requirements of the Latin American Nuclear Free Zone Treaty, two

other treaties bear on nuclear excavation: the Treaty Banning Nuclear Weapons Tests in the
Atmosphere, in Outer Space and Under Water (Limited Test Ban Treaty) and the Treaty on
the Nonproliferation of Nuclear Weapons (Nonproliferation Treaty).

Limited Test Ban Treaty
The Limited Test Ban Treaty, to which the United States and Panama are parties and

Colombia is a signatory, presents two distinct problems of relevance to nuclear excavation.
The first is the degree to which the treaty may restrict the ability of the Atomic Energy
Commission to develop nuclear cratering teclwology to the point where it can be
demonstrated tc be feasible and an authoritative assessment can be made of its safety and
cost. The second is that a treaty modification is needed to permit the actual nuclear
excavation of a canal in Panama or Colombia.

The treaty prohibits "any nuclear weapon test explosion, or any other nuclear
explosion in the atmosphere, in outer space or under water." The treaty also prohibits "in
any other environment," meaning underground, "any nuclear weapon test explosion or any
other nuclear explosion...if such explosion causes radioactive debris to be present outside
the territorial limits of the State under whose jurisdiction or control such explosion is
conducted." Explosions for peaceful purposes are subject to the same restrictions as nuclear
weapons tests; i.e., they are permissible only if: (1) carried out underground, and (2) they
do not cause radioactive debris to be present beyond territorial limits. This second criterion
is technically imprecise and therefore gives rise to questions of interpretation.

Even if nuclear excavation experimentation is successfully carried to completion and if
considerations seem to recommend nuclear excavation, given the short distance from
territorial borders of the most probable construction sites, construction could not be done
under present interpretation of the Limited Test Ban Treaty limitations. The negotiators of
the treaty were fully aware, however, that the peaceful use of nuclear explosives might
prove feasible and desirable in subsequent years. They deliberately made it possible to
amend the treaty for this purpose by a simple majority (rather than by a two-thirds
majority) of the parties, provided that the three principal signatories agreed.

The Non-Proliferation Treaty
The Nont-Proliferation Treaty would not prohibit the nuclear excavation of an

interoceanic canal by the United States. While the treaty prohibits non-nuclear weapon
states from having their own nuclear explosive devices, Article V provides that non-nuclear
nations shall have the benefits of nuclear excavtio, technology at minimum cost if vnd
when such excavation proves feasible. The first version ol this article was simply a paragraph
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in the Preamý .e, but in light of the considerable interest expressed by non-nuclear weapon
states it was included as an operative article of the treaty.

One other aspect of the Non-Proliferation Treaty is worthy of comment. Throughout
the discussions of the treaty there were strong demands by the non-nuclear weapon states
for further steps toward disarmament, and this ;s reflected in Article VI of the treaty as well
as in the Preamble. These provisions presage considerable pressure to continue negotiations
toward a Comprehensive Test Ban Treaty. While it is reasonable to expect that a
Comprehensive Test Ban Treaty would provide for continuing deveiopment and utilization
of peaceful nucleai explosions, the realization of such a treaty before or during the
construction of a canal might impose additional restrictions or procedural requirements on
the use of nuclear explosives for the construction of a transisthmian sea-level canal.

The peaceful application of nuclear explosives is still in a relatively experimental stage.
Its technical and economic feasibility has not been fully demonstrated and its collateral
effects are not completely known. If testing is permitted to continue, and if the technical
advantages and safety of nuclear excavation techniques are established beyond a reasonable
doubt, relief from the problem of treaty restrictions on the use of nuclear excavation

probably can be obtained more easily.

The Effect of World Opinion
Reaction among the nations of the world to the employment of nuclear explosives for

building a canal would depend laigely upon what had transpired in the peaceful use of
atomic energy, and on how convincingly and in what manaer the United States and other
interested powers had presented their case. If progress had continued and news of that
progress had been disseminated to the leaders and peoples of other nations, there probably
would be little difficulty.

The discussion of foreign policy aspects of the usc of nuclear explosives in construction
of a sea-lcvei canal has focused on problem areas connected to sucii a project. This should
not, however, over-shadow the tremendous prestige and respect that would accrue to the
United States for successful completion of an internationally used utility through the
peaceful application of atomic energy.

In summary, it appears that if it can be proved that nuclear exca,,ation is technically
feasible and the health and safety measures would not involve too much disruption to
peoples' lives, and if measures were taken to offset economic dis: -vantages incurred by
Panamanians, the political and legal problems involved in the project could be overcome and
the feat would redound to the credit of the United States. The real question is the technical
feasibility of the project.

ECONOMIC CONSIDERATIONS

Effect of Toll Structures on World Trade
Because of the cost of amortizing any investment in a sea-level canai and of pioviding a

share in the revenues to the Republic of Panama, it is assumed that any change in toll
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structures would be upward rather than downward. The effects of an increase in toll rates
would be both on the volume of traffic and on the commodities carried.

Profit margins in the shipping industry are such that changes in operating costs
generally are shifted to the product being carried. The volume of shipping through the canal
can be expected to change with increasing tolls, therefore, either when alternatively less
costly routes or other transportation modes are available or when the shift of cost to the
commodity being carried becomes so great as to reduce the quantity being shipped. Any
disruptions which do take place will have foreign policy implications in so far as they affect
the shipping of other nations, the suppliers of goods in international commerce, and the
end-users of these goods.

Studies conducted by the Stanford Research Institute and Arthur D. Little, Inc.
indicate that, while small changes in tolls would not affect the volume of shipping, diversion
of shipping begins as the increases range above 25%. A more recent study, conducted by

Arthur Andersen and Company in connection with the Commission's Study of Interoceanic
and Intercoastal Shipping, concludes that selective increases averaging 50% over present tolls
can be applied without markedly affecting traffic growth. The extent of the disruption
depends on whether the toll increases are general or selective and on the magnitude of the
increases. Any increase in tolls resulting in a substantial reduction of shipping could produce
friction between the United States and the two groups of nations under whose flags most
transits of the canal take place. These groups may be categorized as major trading partners
of the United States and less developed nations. Any major changes in toll structures would
have to be considered not only ;n the light of their effect on canal revenues, but also in
terms of special foreign policy relationships between the United States and these nations.

Many commodities, particularly petroleum, ores, metal and coal which are the highest
tonnage items transiting the canal, are so highly competitive that relatively small changes iit
costs per ton can cause shifts to alternative sources of supply. These bulk items are
frequently very important sources of foreign exchange earnings for developing nations and
since sailing around Cape Horn is more expensive for bulk carriers, toll rates which
effectively raise the price to these suppliers can cause serious economic dislocations. Any
analysis of the impact of tolls on the volume of tonnage being shipped must, therefore, be
disaggregated to see its effects on shifting sources of supply for various commodities. These
shifts must be considered in the light of United States relations with the suppliers affected.

The United States might also find itself involved in fcreign policy issues with end-users
of products transiting the canal under various circumstances resulting from higher toll rates.
For exampie, a major shift in the rate structure could be translated into generally higher
world prices for commodities transiting the canal with resulting world-wide dissatisfaction.
This dissatisfaction could be particularly pronounced in the case of poorer nation,
dependent on food, grainis, and other agricultural commodities which are significant items in
canJl traffic. Also, for several of the Central American countries and Colombia, the c;anal is
an important link between their coastal markets; consequently, increased shippi:ig costs
would have a direct and extensive effect on the domestic economy. Once again, any
measurement of the effects of a change in the toll structure must be disaggreg;ted, this time
to measure its effects on United States relations with end-users of products which are
transported through the canal.
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Effect of a Sea-Level Canal on World Trade
The foreign policy considerations mentioned above in relation to toll structure also

apply to the discussion of expanding the canal. Both tolls and capacity impose limits on
traffic. The Shipping Report to the Study Commission demonstrates that the existing canal
could be reaching its full capacity sometime during the period 1989-2000; as this date
approaches, complications for ships transiting the canal will increase. As of 1970, there were
about 1300 ships afloat, under construction or on order which are too large to pass through
the canal under any circumstances because of excessive beam width. An additional 1750
such ships cannot pass through the locks fully laden at all times because of draft limitations.

These limitations on quantity and size can complicate world trade by making shipping
more costly and difficult, by causing economic dislocations for suppliers, and by restricting
supplies to the world's consumers. They thus could tend to retard the rapid expansion of
world trade. In so far as a sea-level canal would mitigate these complications and also reduce
transit time, it would supply foreign policy benefits which are not so readily apparent when
simply measuring the elasticity of canal traffic to changes in the toll structure.

The benefits which do accrue to the United States by removing these potential barriers
to world trade are of considerable significance in evaluating the overall desirability of a
sea-level canal.

The reduction of barriers to trade lowers costs and increases efficiency at home for, like
technological progress, trade widens the range of available ways of transforming labor and
other resources into desired goods and services. Technological progress and geographic
specialization both make this transformation more efficient. The ready availability of items
in world trade reduces artificial incentives for the flow of American capital abroad. It also
tends to reduce over-reliance on regional economic groupings and lessens the discrimination
our exports face from such groupings. All countries benefit from the specialization, the
growth and the exchange of technology, and the spur to productivity that competition in
the wcrld market provides.

Scventy percent of the goods transiting the canal originate or terminate in United Sto'es
ports. The canal is, therefore, in a very real sense our window on the world. We have a
definite foreign policy interest in seeing that the window remains fully open to the world of
the 21st century.
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CHAPTER VIII

AN ATLANTIC-PACIFIC SEA-LEVEL CANAL: AN
INTERNATIONAL PUBLIC UTILITY

There has long been discussion concerning the possibility of arranging some form of
multinational participation in the operation of an isthmian canal. The 1967 draft treaties
contained provisions for multinational participation in the financing, ownership and
operation of a sea-level canal, but the exact terms of an arrangement were left open for
future agreement.

United States interest in possible multinational participation stems from political and
financial cor siderations. While United States interests might be served by some form of
multinational participation in the future, the foreign policy benefi,'s at present do not
appear great. We would hope to reduce the burden on the United States 0txpayer somewhat
by obtaining international financial support for new canal investment. There is little doubt,
however, that the United States would provide the major share of the investment.

Panama has historically resisted multinational participation. The inducements for
multinational participation are not great to major user nations, who appear to believe that
the operation of an isthmian canal is primarily a United States responsibility.
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INTRODUCTION

In October 1965 the Atlantic-Pacific Interoceanic Canal Study Commission requested
the Secretary of Defense to undertake a study of the national defense aspects of a sea-level
canal. At the direction of the Secretary of V)re.nse, the study was initiated under the
'uspices of the Secretary of the Army, who appointed the Deputy Under Secretary of the
Army (International Affairs) as study group chaeirnmn.

The purpose of the National Defense Study was described by the Commission as
follows:

"To determine the effect of the construction of an Atlantic-Pacific sea-level
interoceanic canal on the national defense of the United States and to compare the
alternate routes and methods of construction from the standpoint of national defense."
The study group was organized from members assigned to the concerned offices within

the Department of Defense, and from the Department of State, Department of
Transportation, and the Atomic Energy Commission. The study has been developed, refined
and updated through five annual drafts. The final report represents the sixth comprehensive
review. This document is the abridged and unclassified version of the final report.

The study is organized into five chapters. Chapter I presents the conclusions derived
from the analysis of the defense aspects. Chapter II ar.,,yzes the strategic mobility and
logistic support considerations of a sea-level canal. Chapter Ill discusses the vulnerability
and defense requirements of a canal. The regional security aspects of a sea-level canal and its
associated defense bases are considered in Chapter IV. In the final chapter the national
defense consideratic ns of the method of construction are analyzed.
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CHAPTER I

CONCLUSIONS

The National Defense Stidy Group supports the following conclusions with regard to
the national defense aspects of a sea-level canal:

i. A sea-level canal would represent a major defense asset for the United States. It
would economize defense efforts by meeting:

a. The continuing requirement to shift naval power to meet changing threats and
situations, a requirement which could be pressing in the future due to existing
United States comnmitments and projected force level constraints.

b. The continuing requirement to move logistic support by surface shipping to
overseas areas in:
(1) Peacetime
(2) Stability operations
(3) Limited war
(4) General war. In this category of warfare, the canal would facilitate

recovery of the United States from a general war attack.
2. A sea-level canal would meet the requirements of the increased size of both naval

and merchant ships.
3. A sea-level canal would be far less vulnerable than either the present canal or any of

the modernized versions of the third lock canal. Damage to any sea-level canal sufficient to
necessitate re-excavation would require an accurately delivered multi-megaton attack. A
totally nuclear excavated canal, by virtue of its greater depth and cross sectional area, would
be less vulnerable to blockage than a conventionally excavated canal.

4. A sea-level canal would better provide for both peak period traffic demands and
long-term (annual) traffic requirements. The greater peak period capacity of a sea-level canal
would significantly ease the time phasing requirement necessary to avoid a lucrative target
bottleneck. The greater annual capacity would meet the demands of military shipping whil2
minimizing commercial shipping travel time. This would not be possible if the present lock
canal were operating at capacity or near capacity as can be expected by the end of the
century.

5. Considering the foregoing and the location of Routes 8, 10, 14, 17, and 25, a
sea-level canal at any one of the routes would be adequate, whethei constructed by
conventional or nuclear means, for military transit requirements and would represent a
significant improvement from a defense standpoint over the present lock canal and over a
tiird lock-type mode -nization.

6. Due to its reduced vulnerability and greater capacity, a sea-ltvel canal constructed
wholly by nuclear means is preferable from a defense standpoint to a conventionally
excavated canal or one that is constructed by a combinaticn of nuclear and conventional
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t.<cavation. For this reason, if there is no national decision to construct in the near future,
, .search ard development efforts should continue in order to develop a nuclear excavation
capabitity for future canal construction.

7. If only conventional excavation methods can be employed, Route 10 possesses a
significant advantage over Route 14 primarily in that construction of Route 10 would leave
the present lock canal as a backup facility after construction and would not hazard the
present canal during construction.

8. A transisthmian canal, either lock or sea-level, is of major and continuing
importance to the national defense of the United States.

9. By providing for Canal Defense our bases would render a major contribution to
regional security of the Americas.

10. Neither the conventional nor the nuclear construction effort required to build a
sea-level canal would tax the construction resources of the United States.
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CHAPTER II

STRATEGIC MOBILITY AND LOGISTIC SUPPORT

INTRODUCTION

This chapter examines the contribution of the Panama Canal to the mobility of United
States nava .'-ices and to the ocean-b•.)rne logistic support of all types of overseas military
operations and estimates the effect which construction of a sea-level canal at various
locations would have on these aspects of the national defense. It reviews the past role of the
Panarma Canal iz! naval deployments and logistic support, the limitations which the present
canal imposes and the role of the Canal in relation to current strategic concepts; and it
projects the use which could be made of a sea-level canal in implementing United States
strategy a, it may evolve to meet world conditions in the future.

Study of the past, present and future role of an Atlantic-Pacific interoceanic canal
indicates that it shortens significantly the time to deploy forces at the beginning of a
conflict in alruost any part of the world, and that as the conflict progresses the cumula, ive
saving of time results in bringing into action greater military force for the same supporting
resources. Put another way, such a canal economizes the effort needed to apply the required
military power.

Since the advent of the larger aircraft carriers, a major element of United States nava!
power has been unable to transit the Panama Canal. While the decision to build these ships
removed a design constraint from our naval architect4 which led to more effective modeni
weapons systems, it had the adverse effect of increasing the time of transit of these ships
between the Atlantic and Pacific fleets. Construction of a sea-level canal would result in
economies and would permit greater flexibility in the deployment of our carrier strike
forces, a major factor in the effective employment of seapower. While the uncertainties
inherent in the necessity to navigate a restricted passage would require planning and
preparations for the contingency that use of the canal might be denied, at least temporarily,
a sea-level canal would be considerably less vulnerable to such closure than would the
present lc'.k canal. Although it is not possible to quantify in concrete terms the advantage
which a sea-level canal would afford over the present canal, this chapter presents the best
estimate of the net advantage that can be made with data currently available.

CONTRIBUTIONS OF PANAMA CANAL TO
NAVAL MOBILITY AND LOGISTIC SUPFORT

The Panama Cp::al has provided a steadily increasing contribution to our national
strength and security since its opening in 1914. Through the years the number of ships
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annually transiting the Panama Canal has increased from 1,100 to more than 15,500. During
World War II some 5,300 warships and 8,500 other ships carrying troops and cargo for
military use passed through the canal. Again, during the Korean War, the canal facilitated
the rapid movement of logistic support for military operations. It has been estimated that
during FY 1953, 22 percent of Army tonnagc directed for Korea was shipped from East or
Gulf Coast ports through the canal.

The logistic support required by current military operations in Southeast As;a has also
increased military use of the canal. Between 1964-1968 there has been a 640 percent
increase in dry cargo tonnage and a 430 percent increase in POL* tonnage moved into the
Pacific Ocean through the Panama Canal by the Military Sea Transportation Service which
provides the logistical surface shipping support for United States military operations
overseas. During FY 1968 approximately 28 percent of the POL sent to South Vietnam,
Thailand, Philippines, Guam, Okinawa and Japan transited the Panama Canal.

Experience since 1940 shows that logistic requirements for military operations have
steadily increased and can be expected to do so further in the future. The complicated
machines of modem war have increased the need for logistic support of all kinds. In this
regard POL and ammunition are particularly important. Consumption per man per day has
markedly increas,.d. The bulk cha.acteristics of these two classes of supply suit them
particularly for ocean shipment. Another factor which dictates an expanded need for ocean
transport is the increasing quantity of motorized groumd and aiimobile equipment of larger
dimensions.

The importance of a transisthmian canal can be demonstrated by hypothesizing the
following case: move 80,000 personnel and 3,000,000 measurement tons of supplies to the
Pacific from Atlantic and Gulf Coast ports throughi the Panama Canal. Using the factors of a
troop transport capacity of 3200 personnel and a cargo ship capacity of 7200 measurement
tons, the number of ships required fur total lift at one time approaches 450. Closure of the
Panama Canal would approximately double the requirements for ships to support operations
in the Pacific at the same level of support. In general, the most sensitive transport capability
resource is ocean shipping and in most cases, because of the large tonnage required, ocean
shipping will account for about 90 percent of total deliveries.

Since its opening the canal has been a prime consideration in the planning for and
accomplishment of the safe and timely movement of naval units between the Atlantic and
Pacific Oceans. A saving in divtance of approximately 8,000 miles is realized by canal
transit, versus rounding Cape Horn, in the deployment of ships from one coast to the other.
A time saving of up to 30 days can accrue for slower ships and at least 15 days for fast ships
(20 knots). The capability to shift rapidly naval power between the Atlantic and Pacific
Oceans presents a significant advantage to the country controlling the Isthmian passage.

Our world-wide contingency planning would require an increase in the active naval
forces if we were denied the flexibility resulting from our ability to move naval vessels
quickly from the Atlantic to the Pacific. If the active naval force level cannot be increased,
the alternatives are to accept increased reaction time which could result in increased losses
or at least in accepting greater risk of increased losses.

The savings in steaming time and distance resulting from use of the camn during World
War I and i1 by both naval and logistic support forces produced the important enc benefit
*Petroleum. oil, ind lubricants
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of reduced exposure to the enemy submarine threat. A basic concept of shipping protection
in that ships could oe at sea for the shortest period of time necessary to accomplish their
mission. By eliminating the necessity of the long voyage arojund Cape Horn, the U-Boat
operating area along the northeast coast of South America was bypissed and the necessity
for ASW operations in the area was removed. While it is impossible to forecast future naval
operations precisely, it appears reasonable to assume that an advantage of this nature also
would occur in future military operations in which the enemy has a significant naval
capabilihy.

A concomitant commercial and logistic advantage of a sea-level transisthmian canal is
that it wou'd allow shipping (that too large to transit the lock canal) to avoid the natural
hazards of the Cape Horn and Strait of Magellan area. It should be noted, however, that
large vessels would probably use the Cape Horn route in spite of its hazards if it represented
a clear economic advantage over use of the sea-level canal. The principal dangers to
navigation are narrow channels, poor weather conditions, and tidal currents in the Strait of
Magellan and icebergs and frequent gales in the Cape Ilorn area.

Due to these hazards the continuous large-scale use of Cape Horn and the Strait of
Magellan would result in the attrition of men and shipping involved. In this regard a
transisthmian canal would husband our naval and maritime resources.

ADEQUACY OF PRESENT CANAL

Though the present Canal makes a major contribution to the strategic mobility of the
U.S. Navy, it does not provide an unrestricted passage for all naval ships. The present Canal
is incapable of providing transit for the Navy's fifteen attack aircraft carriers (CVA) and
four antisubmarine aircraft carriers (CVS). Thus, the flexibility of the Navy's nuclear
striking power and antisubmarine aircraft carrier capability is restricted by the limitations of
the existing lock canal. In this respect the Canal is obsolescent.

An example of the effect which the inadequacy of the present Canal already has had on
operations in Southeast Asia was the interocean movement of the aircraft carriers
ENTERPRISE, INDEPENDENCE and BOXER, and the communications configuied escort
carrier ANNAPOLIS. The saving in distance on these deployments from the East Coast to
the operating area of Vietnam via the Panama Canal would have been as much as 5,000
miles per ship. A saving in time of as m:,ch as II days per ship could have been realized
depending on the speed of advance.

In addition to the U.S. Navy aircraft ca'rieis which are too large to make the transit,
there are about 1,300 ships afloat, under construction, or on order which cannot enter the
Panamna Canal locks. There are approximately 1,750 more ships in these categories that
cannot pass through the Canal fully laden at all times because of draft limitations due to
seasonal low water level.

When considering the limitations of the Panama Canal it should be recognized that the
Suez Canal also has a ship size limitation, particularly with regard to channel depth. Today,
carriers of the MIDWAY, ENTERPRISE, AMERICA, KIMTY HAWK and FORRESTAL
class could not transit the Suez Canal if it were reopened. This means that the Suez Canal
will no longer provide an alternative routing for this type of naval ship. Loss of the Panama
route as well as the Suez route would severely restrict the flexibility of our naval resources.
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For example, a ship which required 25 days to go from New York to Tokyo through the
Panama Canal would require 34 days via the Suez Canal. If required to go around the Cape
of Good Hope, the sailing time would be 38 days.

Any consideration of adequacy of the existing canal should include its vulnerability.
The locks, dams, power systems, and the depth and width of the Gaillard Cut make the
present canil a vulnerable target. In certain situations the canai could be closed for two
years. A sea-level canal would be far less vulnerable. Considering the more likely methods of
attacks, 5 days to two weeks is a reasonable estimate of closure time for a conventionsA.'y
excavated sea-level canal. Closure of a nuclear excavated canal would be extremely difficult
short of seizure.

An alternative to a sea-level canal as the answer to the growing obsolescence of the
Panama Canal is its improvement and modernization. In this regard the interest of the
Engineering Agent of the Canal Commission has been centeitd on a lock canal option
utilizing a third set of locks capable of carrying 150,000 DWT ships. The total capacity of
such an augmented canal would be approximately 35,000 transits per year. Principal
features of this plan include very large additional locks, deepening and widening of the
canal and the pumping of sea water into Gatun Lake or the recirculation of fresh water to
meet the increas,;d water requirements. The major aefense disadvantages of this type
solution are the vulnerability to sabotage and blocking and the inability of this canal to
transit the Navy's iu,,e aircraft carriers.

ADVANTAGES OF SEA-LEVEL CANAL IN
FUTURE APPLICATION OF MILITARY POWER

Current strategic concepts are inherently interrelated to the varying levels or intensities
of military conflict. To a significant degree they reflect the resources the United States is
willing to expend to meet a particular threat. A sea -level canal would make a contribution
across the military spectrum, although the importance of this contribution varies greatly
between types of conflicts and between specific conflicts of the same general type.

General war is usually considered to consist of two phases. Tlie first involves the period
of the nuclear exchange and the second is the period which follows the exchange and in
which the war is brought to conclusion.

Assuming the first piiase lasts a matter of hours or at most days, the canal probably
would have no role '- play. Depending on the length of strategic warning, however, the
canal could play a major role in the prepositioning of 'oth combat naval "orc:-• and land
forceý;. A sea-level canal would have the advantages of L:ie reduced time and distance factors
prefent in today's Canal as well as the additional advantages of an increased vessel size
capacity and of reduced time of transit. Transit time in this type emergency would b5, very
nearly a function of ship speed, rather than today's lock manipulation time. While it may be
argued with some considerable merit that the degree of sti-ategic warning postulated above is
unlikely, the advantage which this additional option provides should nok he disregarded.

Assuming a general war, a sea-level canal could well play a major rc- in. the survival of
the United States as a major world power during the second period. During this time of
wide-spread destruction and chaotic social and economic conditions the rapidity of relief
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may well be as important as the relief itself. Succor will have to come from the less damaged
areas of the world, An operational canal would facilitate the flow of these supplies to the
appropriate areas of the United States.

Moreover, the canal would fill to some extent the gap cTeated by the disruption of
cross-country land transportation. The proper distribution of surviving resources will be a
very difficult problem at best. Closurp of the canal would make it more so.

The ability to use the canal for rapid deployment of the residual forces of the United
States would be of great importance to the successful continued prosecution of the war.

Limited war and stability operations are characterized by conscious restraint with
regard to one or more of its aspects, e.g., objectives, forces, weapons or locale. H-wever, it
may involve very large forces between major powers engaged in a considerable area of
operations. Because of the magnitude of general war destruction, limited wars and other less
formalized military operations have become the most prevalent and probable type of
corflict. The increasing destructive power of modem weapons appears to assure that this
t ".nd will continue in the future. Certainly, the history of conflict since World War II makes
it clear that wars or engagements of limited scope are the more likely. It is also clear that the
ability to react rapidly in situations requiring the use of armed force may make the
difference between a crisis which has been calmed and one which gets out of control.

It is important for the United States to preserve the capability to respond quickly with
the proper level of military power in response to commitments abroad. Fundamental to this
concept is the ability to employ our superiority on the seas to maximum advantage. In
planning for the future, the continued use of the seas will remain important to the ability of
the United States to apply military power with speed and discrimination wherever required
in the national interest.

As national economic restraints make themselves felt on naval force levels, the sea-level
canal's capability to provide the U.S. with "interior lines" between the Atlantic and Pacific
becomes of even greater importance. The ability to quickly move major vessels and shipping
from one ocean to the other is obviously a tremendous advantage. A sea-level canal would
not only permit the faster inter-theater transfer of carrier forces, which the present canal
cannot accommodate, but wouM provide a greater capacity for handling shipping of all
types in an atmosphere of redus.ecl vulnerability to damage. Because of the emergence of the
Soviet IUnion as a world power * ith a major submarine fleet, the United States Navy could
conceivably be c nfronted with a situation in which the interior lines of deployment
through a relatively invulnerable sea-level canal assume greater importance than has been
true. since the opening of the Panama Canal.

In World War 11 (1941-1945), United States Government vessels made 20,276 transits,
and 24 million tons of military supplies passed thrcv,•ih the Canal. During the Korean War
(1951-1954), United States Government vessels made 3331 transits. and 12 million tons of
supplies went through. The Canal played an important role in the deployment of naval
vessels during the Cuban crisis in 1962. In dealing with any possible future conflicts strategic
mobility on the seas will continue to be of great importance. The capability of naval forces
to respond in a timely manner with appropriate power and with the ability to move troops
and supplies with safety and assurance across the oceans to the scene of conflict is essential.
In accomplishing these tasks the availability of a sea-level transisthmia.n canal would provide
a significant strategic advantage. Current operations in Southeast Asia bear this out.
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Although Vietnam is a Pacific naticn, major 'ogistic support for the war flows from the East
and Gulf Coasts of the United States. Sin~ce the closure of the Suez Canal in june 1967, this
support has utilized the Panama Canal almost in toto. While shipping times are longer from
the East Coast, they are not prohibitively so, particularly in the role of long-term logistic
support. Average sailing time to Vietnam from East Coast ports is 37 days, from West Coast
ports 25 days.

Trtal cargo in FY 1967 (1968) shipped through the Canal in support of United States
efforts in Southeast Asia was approximately 5.190(7.2) million long tons cr about 5.6 (6.8)
percent of total Canal cargo tonnage transited. During FY 1968, of a total of 11,947,000
measurement tons of dry cargo shipped from CONUS for the military services by MSTS to
South Vietnam, Thailand, Philippines and Guam, 3,942,066 measurement tons wert shipped
via the Panama Canal (approximately 33%). As regards POL, a total of 14,118,588 long tons
was shipped for use in support of operations in Southeast Asia, 4,104,970 long tons were
shipped via the Panama Canal (approximately 29%).

The role of the Panama Canal in support of the war ;n Vietnam show,- that it is not only
of major logistic and strategic importance in the lower intensity conflicts, but also cost
effective in the performance of that role.

FURTHER CONSIDERATIONS

Having discussed the importance of a transisthmian canal to past and present military
operations, the advantages of a sea-level canal over the present lock canal require further
consideration. These advantages fall into the following general categories:

(i) vulnerability or survivability (See Chapter 11)
(2) peak period transit capacity
(3) long-term transit capacity, and
(4) ship size capacity

Peak period capacity of the present canal may be addressed in terms of its daily lockage
limitations. The rated dally capacity is estimated at 65 lockages or about 71 ship transits.
These figures are the result of many factors such as operator efficiency, condition of
equipment, and time required for lock manipulations-filling or emptying a lock, opening
and closing gates. These capacity rates cannot be sustained on an annual basis due to present
limitation on the lockage water suoply. They could be sustained for a rather extended
period, however, provided the Gatun and Madden Lakes were at a sufficient level at the time
in question.

Based on the currently estimated transit speed of 7 knots and single lane traffic, the
daily capacity cf a sea-level canal in Panama would be between 90 and 180 transits. Such a
ceiling means, in effec., that the peak transit capacity would not be a major limiting factor
for future military use. With the lock canal it could be. The requirement to time phase
shipping through the canal in order to avoid a target bottleneck would be significantly
eased.

Annual transit capacity today is lnmit~ed by the availability of water for lockage.
Basically the present water supply "mrits the number of lockages to approximately 18,000
transits annually if an acceptable water level is maintained in Gattn Lake. Annual transit
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capacity has been estimated to be approximately 27,000 provided additional improv, •Ients
curting $92 million are mai,, The annual figure would more than provide fo, -ny
reasonably foreseeable military shipping requirements. The range of future shipping
estimates indicates that a capacity of 27,000 transits would be reached by normal
commerciql traffic between 1989 and 2000. The capacity range of the sea-level canal
options under principal consideration is up to 80,000 ocean-going transits per year.

Ship size capacity. A sea-level canal would not ho ie the ship size restriction of the
present lock canal. The present restriction derives from the dimensions of the locks (110'
wide and 41' deep by 1,000' long). The dimensions currently being considered for a
conventionally excavated sea-level canal are 550' x 75' at Lhe edges with al. 85' deep
i•enterline. A nuclear excavated canal would be 1,000' wide with a minimum depth greater
than 100', which would run to 250' deep at carnal center.

The United States naval combat ships that cat.not utilize the Panama Canal have al~eady
been enumera'ted. During the period 1953-1969 there have been 36 interoceanic tram fers of
such vessels; however, 19 of these transfers have occurred since the Gulf of Tonkin incident.
Navy planning has tended to minimize the interocean transfer of large units eue to the

* transit time and cost involh ed. If a sea-level canal had been available a far greater aegree of
deployment flexibility wouki have been afforded. The requirement for timely redeployment
of even our largest fleet units would become increasingly important in the event of reduced
force levels.

Until World War 11, the size of U.S. Navy ships was limited by the size of the locks of
the Panama Canal. Even today the size of the canal locks is still a major consideration in
naval design. In those cases there is little question that this artificial constraint has had an
adverse effect by not permitting naval architects to maximize operational capability in all
cases. In those cases where the trade-off is not conm.tered excessive this is still the case, e.g.,
the proposed Fast Deployment Logistic (FDL) Ship has been designed to allow transit of
the Canal.

The construction trend in many other naval vessels, however, is toward larger ships
which cannot be accommodated by the Canal. The specifications for current nuclear
powered attack aircraft carriers (CVA) include a beam width of 257 feet at flight deck level,
a length of 1,040 feet, and a draft of 37 feet. U.S. Navy combination oiler and ammunition
ships now in service, and others under construction, hive beam widths of over 100 feet,
lengths over 700 feet and drafts greater than 37 feet.

It is clear that if the United States is to remain predominant on the high seas, the U.S.
Navy must continue to take full advantage of future improvements in the areas of ship
design and propulsion. An important corollary to a naval modernization program is a
sea-level canal which will afford the naval warships of the future expeditious passage
between the Atlantic and the Pacific Oceans and at the sam:- time allow naval architects and
planners to be constrained by the more liberal restrictions of a sea-level canal.

In view of the strategic significance of future operations at -,ea, the ircreasing Quantity
of logistic support reqvred to sustain military operations, the trend to ships of larger
dimensions, and the projected increase in the number of ships requiring pass ,ge between the
Atlantic and Pacific Oceans, it becomes evident that a sea-level canal woul-i constitute a
major asset for the dlefense of the United States.
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COMPARATIVE EVALUATION OF ALTERNATE PROPOSED
CANALS FROM STANDPOINT OF STRATEGIC MOBILITY

AND LOGISTIC SUPPORT

The ultimate decision on the particular selection of a site for the sea-level canal is not a
consideration of paramount imaportance from the standpoint of strategic mobility and
logistic support. The various routes under consideration for a sea-level canal conneting the
Atlantic and Pacific Oceans are in such relatively close proximity to one another ,at the
sailing time between them is negligible when considering the overall time to transfer
shipping via a canal as opposed to rounding Cape Horn. The most significant consideration
from the viewpoint of national defense is that the canal be sea level and thereby eliminate or
minimize the inherent disadvantage of a lock canal, such as its vulnerability and limited
capacity to handle shipping due to the limitations wh:ch the locks place on ship dimension
and the time involved in lock operation.

While any of the canal sites under consideration would be adequate from the standpoint
of naval mobility and logistic support, a wholly nuclear excavated canal at Route 17 would
have advantages over the other routes t0ecause of its reduced vulnerability and gleater
capacity. The overriding consideration, however, is that the canal to be constricted be a
sea-level waterway.
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CHAPTER III

VULNERABILITY AND DEFENSE REQUIREMENTS

A detailed analysis of the broad spectrum of threats that a sea-level canal would face
indicates that the most probable of the threats are sabotage, clandestine mining of the
waterway, or the attack of shipping in the canal by low-performance aircraft or readily
transportable weapons. The more traditional forms of attack-blockade, naval or aerial
bombardment, or ultimately attack by missile-delivered nuclear weapons-are unlikely.
These would probably be either part of or evoke a general war situation, confronting the
perpetrator with the total military strength of the United States. In addition, such attacks
,ould fail to inflict sufficient damage to prevent the use of the sea-level canal.

The relative invulnerability of a sea-level canal to most types of attack stands in sharp
contrast to the vulnerability of the present canal, whether or not it has been modernized.
The fact that the present lock canal could be closed by the use of relatively unsophisticated
weapons is particularly ,fnificant in view of the forecasts which anticipate that insurgency
and subversion will prý.ably persist in Latin America to the end of the century.
Interruption for extended ; -riods to canal service, which could be achieved with relative
ease, would not only seriously hamper the logistical support of military operations in time
of war but also adversely impa.ct on international trade in time of peace.

The detailed comparison of the vulnerability of the various canals considered indicates
that there is a very significant lessening of the vulnerability of a sea-level canal from that of
the present lock canal. There is a somewhat smaller difference between a completely nuclear
constructed canal and a conventionally constructed sea-level canal, the nuclear canal being
the least vulnerable. This results from the great depth and width which nuclear construction
provides. The sinking of a ship in a nuclear channel would not block it, as very likely would
be the result in a conventionally excavated channel.

It has been argued that tidal gates would make a sea-level canal as vulnerable as the
present lock canal. Such a view is not supported by the facts. The tidal gates proposed for
controlling currents in a conventionally excavated sea-level canal are described in detail in
Annex V, Study of Engineering Feasibility. They would be structurally simple rolling gates
that could be moved laterally azross the canal channel as needed. The canal could function
for military purposes without the tidal gates, but they have been incorporated into the plans
to reduce tidal currents to no more than 2 knots, a level at which expt.rience indicates safe
navigation is assured for commercial purposes. Sea-level canal experience is expected to
show that faster currents can be tolerated and that the use of tidal gates could be diminished
or possibly eliminated. If tidal gates were sabotaged while in use, they could be removed
with no more difficulty than removing a sunken ship or blown bridge. Shipping could then
continue to use the canal in somewhat faster tidal currents with some operational
restrictions. Military destruction or sabotage of the tidal gates would h.,ve little effect on the
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canal's use by combat vessels and by the relatively small ships used for logistical support.

DEFENSE REQUIREMENTS

With guerrilla action the most likely possibility, a concept of defense of a sea-level canal
has been developed over the last several years. Initially, it was based on a precisely
delineated buffer zone which would include the tactically important terrain features. Under
continuing review the concept of a defense buffer zone has given way to a concept of access
to critical areas for purposes of surveillance and defense, as required.

Sufficient forces to patrol and defend the canal against surprise attack will be stationed
on the Isthmus. Under conditions of Limited or General War the necessary naval, ground,
and air augmentation forces, adequate to meet the threat, would be brought in through
prepared port and air base facilities at the site of the sea-level canal and those bases
remaining in the Canal Zone. The permanently stationed defense forces vary between the
canal sites considered. In general, these forces include airmobile infantry with their normal
combat and service support elements. Air and naval forces would be positioned on or near
the Isthmus as required.

COMPARISON OF DEFENSE CONSIDEltATIONS
OF THE ALTERNATIVE CANAL ROUTES

Each route has its own particular d.,fense ?dvantages and disadvantages when compared
with the other routes. Some of these are p.,'ely military while others, being political or
psychological in nature, would impact ca the security of a sea-level canal.

Both Routes 10 and 14 are conventionally excavated in their entirety. Due to the cost
of excavation the depth of these canals will be. much less than that of a nuclear excavated
canal. The nominal depth wvould b, 75 feet. While it would be extremely difficult to close
either a nuclear or a conventional c=n by bombardment or even by an emplaced charge,
the conventional canal is more vulnerable to blockage by the sinking of shipping in the
canal. The nuclear canal is !ess susceptible to this type of blockage because of its great depth
and wiuth. Ihe sinking of a ship in a nuclear canal would at worst only restrict passage, i.e.,
require a deviation in ccursc or reduce speed at the point of sinking.

Route 10 has a major or ever overriding advantage over Route 14. Construction of
Route 10 would leave the present lock canal intact with its water supply unimpaired. If
satisfa•lcry treaty arangements could be worked out, the lock canal could then be held on
a standby basis t o supplem~nt or replace the sea-level canal in time of need. From the
commercial and logistical standpoint this arrangement would represent a significantly
increased canal transit capacity which possesses the potential for further growth, i.e., the
conversion of the lock canal to a second sea-!evel canal.

Both Routes 10 and 14 have a unique vulnerability problem, the barrier dam. The
problem is more pronounced on Route 14 than on Route 10, essentially due to the greater
length and number of dams on Route 14. Detonation of one of these earth-filled dams
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would cause severe canal flooding, bank erosion, and blockage of the canal by earth and
debris. The barrier dams on Route 14 total 15 miles in length. In addition to the barrier
dams, Rcu;te 14 has the problem of the Chagres River. The river will be diverted from its
natural course into the canal. If its diversion dams were lost, the river would flow into the
canal creating major navigation problems.

There will probably be fewer problems with the defense of Route 17 than either 10 or
14. The Zone presence will be smaller than at present, removing major United States forces
out of the view of the Panama City/Colon populace. Over the life of the sea-level canal most
defense facilities could be expected to move from the Zone bases to the Darien area ds they
become obsolete and maintenance costs require replacement.

Until the core borings from Route 17 were analyzed, this Route represented the nuclear
option. It was selected to be constructed by nuclear excavation in its entirety. The boring
revealed, however, that a 20-mile reach in roughly the center of the route is composed of
weak clay shale which will not permit nuclear excavation of this section under the current
state of the art for nuclear excavation. The AEC believes that with a sufficient future effort
Route 17 could be designed so as to use nuclear excavations throughout its length. This
effort would seek to answer such questions as: (1) The stability of nuclear crater slopes in
clay shales; (2) whether gentle slopes in clay shales can be achieved by using some nuclear
techniques such as the multiple base row-charge or subsidence crater (as opposed to the
usual throw out crater), or by dressing row crater slopes with some inexpensive conventional
earth moving technique, and (3) whether some modification to the alignment of Route 17
could reduce substantially the length or amount of the clay shales. Until the above
mentioned developments are realized, however, Route 17 must be considered as a route
utilizing both nuclear and conventional construction. As a combined route it loses its
advantage of relative invulnerability to blockage by sinking of shipment in the channel. The
varying lengths of the proposed canals affect the defense requirements. Routes 25, 23 and 8
are two to three times .s long as the Panamanian routes. Routes 25 and 23 present a set of
complex defense problems. In addition to its greater length, more than three quarters (80
miles) of the canal will have a dredged channel of 550' x 75' with the same relative
vulnerability and defense: problems as Routes 10 and 14. The nuclear portion of Route 25
which crosses the Continental Divide appears more susceptible to guerrilla attack than the
corresponding part of Route 17, because of the greater width of the mountain range which
constitutes the Divide on Route 25, 25 miles, as opposed to 15 miles on Route 17.
Shipping in the conventionally coihstructed portion of Route 25 and the Colombian portion
of Route 23 would be sLsceptible to attack by direct fire weapons from the hill mass which
parallels this route almost continuously for 40-50 miles. The conventionally constructed
portion would have almost no protecting lip or bank as the nuclear portion would. On the
other routes the ridge lines are generally perpendicular to the canal and do not afford the
vantage points of a parallel ridge. While there is a similar ridge on the Pacific end of Route
17 it is much shorter, of less elevation, and at greater range from the canal. Moreover, the
canal on Route 17 would be protected to a significant degree by its 300 ft. nuclear ejecta lip
and because of its greater depth would be much less easily blocked by sunken shipping.

The military issues anplicable to a Colombian sea-level caiisil in general apply to Route
8. The negotiation of a canal defense base agreement with both Costa Rica and Nicaragua
would be necessary in order to have a meaningful defense arrangement. Negotiation of such
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defense agreements would be difficult and coordination of defense operations could be
more complicated and difficult since three national interests would be involved. Route 8's
principal advantage is its nuclear excavation and attendant lack of vulnerability, although
this advantage is largely academic in that the cost of construction is all but prohibitive.

Overall the Nicaraguan-Costa Rican route does not appear to have any military
advantage over the ether canal routes which might mitigate the cost and construction
disadvantages which caused the Commission not to pursue a more intensive site-survey-type
investigation of this route.
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CHAPTER IV

CANAL SECURITY AS A PART OF REGIONAL SECURITY

It is evident that the affairs of Latin America and the United States will continue to be
bound up together for the foreseeable future. In addition to their geographic proximity, tne
two areas share many common bonds-economic, political and social. Transportation and
communication technology, together with this community of interests, may be expected in
the future to expand contacts between North and South America.

In addition to the shared interests just mentioned, North and South America share an
interest in the security of the hemisphere and a need to foster the basic conditions which are
conducive to the growth of political and economic stability and progress throughout the
area.

To further these objectives an environment free from warfare must be preserved and to
this end the states of the Western Hemisphere have created a community of nations to
develop a cooperative approach to hemispheric security. The Inter-American Treaty of
Reciprocal Assistance (the Rio Treaty) drafted in 1947, and the Charter of American States
(Charter of Bogota) drafted in 1948 and recently amended, have resulted from our
collective efforts.

The Charter of American States details the obligations of these states to maintain peace
and security in the hemisphere and denies to any state or group of states the right to
intervene directly or indirectly in the internal or external affairs of any other state. The Rio
Treaty also provides for a collective defense against external threats to the security of the
hemisphere.

A canal in Panama is an important element of hemispheric defense by the Rio Treaty
countries and it is essential that it remain in friendly hands. Thus, canai defense is a key part
of the security interest which the U.S. shares with Latin America. With advan.es :f modern
technology in the field of military weaponry canal defense can no longer be accomplished
solely by defending the immediate area in and around the canal. Air and naval stations are
necessary to extend the line of canal defense outward into the Atlantic and Pacific, and
forces assigned the responsibility for canal defense must be prepared to operate in this
modern environment.

Defense functions will be vital in the future for any of the sea-level sites under
consideration. Properly performed, they will provide defense of the canal and thereby
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contribute to the security of the entire region. The caval will thus continue to contribute to
the ability of the Rio Pact nations to defend against aggression from outside the hemisphere.
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CHAPTER V

EFFECT ON THE NATIONAL DEFENSE
OF THE CHOICE OF METHOD OF CONSTRUCTION

This chapter discusses, from the military standpoint, indirect effects which the choice
of method of construction may have on the national defense. This choice is directly related
to the choice of site. Earlier chapters have already considered the advantages and
disadvantages of alternative sites from the defense standpoint. The present chapter examines
less direct effects, such as the drain on United States construction capabilities, risk of
closure of the present canal during the construction of the new canal, and technological
advances with military utility.

BASIC DATA ON CONSTRUCTION ALTERNATIVES

Two general methods for constructing a sea-level canal are currently under considera-
tion: one using mechanical excavators to accomplish all the excavation, and the other using
a combination of nuclear explosions to excavate part of the main navigation channel (and
possibly part of the flood control system) and mechanical excavators to excavate the
remainder.

DRAIN ON CONSTRUCTION CAPABILITIES

Construction of a sea-level canal would not significantly affect the national defense of
the United States by diverting construction effort, both persor nel and materiel.

Personnel

Conventional Construction. The construction on Routes 10 and 14, the routes
considered for construction entirely by convcntional methods, woald require about 7,000
people, the majority of whom probably would be employed by civilian contractors. Tre
requirement for government management personnel in key positions is ,oughly 50 men. The
project would require the services of 30-50 outstanding consultante in the fields of
management, design and construction, employed on a part-time basis. The- government
design and design support staff required for a project of this size would n unber about 600
people, including support groups, such as construction support, supply personnel and
finance, and field personnel, such as survey crews. At peak strength the construction force
in the field would have the following strength:
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Government supervision 400
Contractor personnel 6,000
Medical personnel 200

These numbers compare with the following data on contract employees, in millions,
engaged in constructi-,n in the United States:

1965 1966 1967 1968 1969"
All Contract

Construction 3.19 3.28 3.21 3.27 3.40
General Building

Coo'tractors .99 1.03 .98 .99 1.02
All Heavy Cconstruction

Contractors .65 .67 .66 .68 1.73
Highway & Street

Contractors .32 .32 .31 .32 .32
Other Heavy Construc-

tion Contractors .32 .35 .3Z .40

*Estimated on besis of incomplete data for the year.

In 1968 the total number employed in heavy construction and highway and street work
was 2,450,000. In a "worse case" situation, it is assumed that the approximately 7,000
workers needed on canal construction were all United States personnel. This would mean
that less than .3% of the total United States construction force was involved. The "worse
case" does not represent a significant diversion of capability from a national defense
standpoint and, moreover, it is unlikely to occur as a consideiable portion of the work force
will most probably be indigenous to the host cotuntry.

Nuclear Construction. The construction of Routes 17 and 25 by nuclear construction
methods will reduce the numbers of contractor personnel required to about 4,000, but
would raise the skill level over that required for conventional construction only. The
management requirements will remain basically the same as those for conventional
construction. The numler of consultants would be increased to a total of 50-60 to furnish
consultants in nuclar as well as conventional fields. The design and support staff would
require about 700 people for Route 17 and 1200 for Route 25. These numbers would
include r:ople qualified in conventional construction as well as people trained in nuclear
excavaticn design. At peak strength the construction effort would involve the following
people in the field:

Government supervision 395
Contractor personnel

(Route 17) 4,000
Contractor Personnel

(Route 25) 5,000
Medical personnel 250

While the number of personnel involveu for the nuclear construction alternatives is
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smaller than for conventional construction, the demand for highly trained and experienced
specialists from the nuclear energy field would probably be more significant from the
standpoint of national defense than the overall numbers of people involved in any of the
alternatives.

Materiel

Some idea of the possible drain on construction materiel can be obtained by comparing
the dollar cost of construction in the entire United States.

Conventional Construction. On the basis that Route 10 could be constructed in 14
years, the average annual contract costs would be about $200 million. Assuming the peak
year contract cost to be half again that of the average year, the peak year construction
contracts would be approximately $300 million. The estimates compare with the following
construction data for the United States ($ billion):

1965 1966 1967 1968 1969"
Total New Construc-

tion Put in Place $72.3 $75.1 $76.2 $84.7 $88.0
Total Private 50.2 51.1 50.6 57.8 62.0
Total Public 22.1 24.0 25.6 27.7 26.0
Heavy Construction 17.4 19.2 19.9 20.8 23.3

'Esttmgte is bused on incomplete date for the veer.

The peak year amount given above for canal construction would be .4% of the tol-al
1969 construction, 1.2% of total 1969 public construction, and 1.3% of 1969 hea'y
construction. Route 14 would require 16 years to construct at a slightly higher cost.

Because Routes 10 and 14 consist mostly of excavation, demand on construction
materiels is expected to be modest. An exception is chemical explosives of which possibly a
million tons may be used during the construction period. Special manufacturing provisions
may be required to supply this increased demand.

Conventional construction requires large amounts of specialized equipment which mwust
be delivered in a relatively short period of time before construction is started. This
equipment will probably be specifically designed for the project and might consist of a
substantial number of special earthmoving machines and several large dredges.

Nuclear Construction. The nuclear routes may be less costly and take equal or less time
than converting the existing canal to sea-level operation. Thus, the national defense
implications of diverting construction effort would be even less than for converting the
existing canal by conventional means. The requirement for specialized equipment, such as
large diameter drilling equipment, and the need for advanced procurement orders must be
recognized.

Nuclear construction of Route 17 and Route 25 would require about 250 and 150
nuclear explosives respectively, with a total yield for both in the range of 120 megatons.
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The amount of fissionable and thermonuclear materiel required for this number of
explosives would be small compared to the total United States stockpile ard therefore
would not have any unfavorable national defense implications. Special manufcturing
facilities may be required to fabricate the explosives themselves.

TECHNOLOGICAL BENEFITS

Conventional Cons.tuction

Construction of a sea-level canal by conventional means would produce technological
benefits primarily in the field of excavation equipment and techniques. A project of this size
and magnitude would use the most modern equipment and methods. Machinery of novel
design could be used and would be specifically adapted to the canal excavation. The
experience and advances in technology gained thereby would be useful not only in civil
projects involving large quantities of earth moving, but also in military projects of a similar
nature.

The experience gained by Lngineers engaged in such constnrction has a crry-over into
civil and military fields in the areas of planning, organization, and execution of projects of
large scale which require the coordinated efforts of many engineering and administirtive
agencies.

Nuclear Construction

The development of nuclear excavation technology which must precede nuclear
construction of a sea-level canJ would probably be of greater significance to the national
defense than any other indirect effect discussed in this chapter. The technological benefits
could be greater than from the use of conventional earthmoving methods.

Beyond the development of technology, the development program and the construction
of a sea-level canal by nuclear means would result in increasing the United States pool of
trained and experienced people in an important area of the nuclear energy field.

CLOSURE OF THE PRESENT CANAL

Depending on the plan finally adopted, conventional construction of a sea-level canal
along Route 14 might involve risk of accidental closure of the present canal, as well as
deliberate closure for some limited period of time, in effccting the changeover of' sea-level
from the present level of Gatun Lake, 82-87 feet above sea level. The deliberate closure for
short periods of time (currently estimated at 30 days), accurately forecast in advance, would
not have serious defense implications.

The risk of sccidontal closure stems from the possibility that excavationi in or near
present slopes may result in an unstable condition which would lead to a major landslide
blocking the present lock canal or the sea-level canal after conversion. Depending on the
magnitude of such a slide, it could close the interoceanic waterway to traffic for a period of
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months. If Gatun Lake were emptied, the lock canal could be out of operation for as long as
two years. The denial of the canal to both defense and commercial shipping for such a
period could have a serious adverse effect on the national defense.

A major advantage of Route 10 over Route 14 as the route for a conventionally
excavated canal is the fact that Route 10 can be constructed without risk of interference
with the traffic in the existing canal. Route 10 is located approximately ten miles west of
the existing canal, a sufficient distance to preclude canal closure by accident. It would also
preclude the planned closure for changeover.
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Chapter I

INTRODUCTION

Purpose of the Study
In October 1965, the Secretary of the Treasury, at the request of the Atlantic-Pacific

Interoceanic Canal Study Commission, agreed to provide the Chairman for an inter-
departmental study group to assess the financial feasibility of a new, sea-level Isthmian canal
and to examine alternative methods for financing the construction and operation of such a
canal. Mr. R. Duane Saunders, then the Director of the Office of Debt Analysis and
subsequently Assistant to the Secretary (Debt Management) until July 1969, was initially
assigned responsibility for this task. In July 1969, Mr. Edward P. Snyder, Director of the
Office of Debt Analysis, became Chairman of the Study Group.

The purpose of the Canal Finance Study was described by the Commission as follows:
To examine the methods available for financing the construction and
operation of a sea-level canal; and in cooperation with other agencies
and the Commission, to analyze the implications of each approach.
In the ultimate sense, the purpose of the Canal Finance Study is to
provide comparative analyses of the economic and financial costs of
alternative canal proposals so that the Commission can give appro-
priate weight to these costs of the various alternatives in arriving at
its final recommendation. The narrower objective is to develop a
feasible plan for the financing of the recommended alternative.

Scope of the Study
The Commission's instructions to the Canal Finance Study Group were incorporated in

a nine point topical outline:
I. Is it possible to finance a sea-level canal through tolls?
2. What sources of finance are feasible?
3. What are the alternative methods of financing a sea-level canal?
4. Priority of payments on capitalization.
5. What related costs should be included in the analysis?
6. Residual interests.
7. Construction and operating costs.
8. Net revenue available.
Q. Financial plan.
The (anal Finance Study Group undertook to examine only those issues which might

have a direct bearing on the financing of the construction and operation of sea-level and
other canal options under consideration. Within this relatively limited framework,
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examination of the economic and financial implications of the canal options has involved an
analysis of the results of the other Commission studies, particularly the construction and
operating cost estimates developed for the Study of Engineering Feasibility and the projected
traffic and revenue estimates contained in the Study of Interoceanic and Intercoastal
Shipping.

The Study Group did not attempt to evaluate (1) the effects of a new canal on the
economies of (a) the potential host countries (b) the United States or (c) third party
countries, (2) foreign relations benefits or costs (except for the costs of directly related
payments to the host country), or (3) national defense values of a sea-level canal. These
matters fall more directly within the purview of oth,-r study groups, and the Commission
has concluded, in coordination with these study groups, that quantitative dollar values
cannot be placed on the non-revenue benefits and burdens attributable to a new
interoceanic canal. Exclusion of these broad questions from the Finance Study limits the
overall value of the Study. In particular, a complete economic evaluation o a sea-level canal
project requires that judgments be made on the foreign policy, defense and other values and
costs associated with a particular decision.

The primary analyses of the economic and financial implications of the canal options in
this Study are limited to the evaluation of Routes 10 and 14 Separate in Panama, for which
conventional excavation is assumed. The addition of a third lane of deep-draft locks to the
present Panama Canal and continued operation of the present canal also are considered but
in less detail. Route 25 in Colombia, involving nuclear excavation along the portion that
traverses the Continental Divide, has not been analyzed, largely because of uncertainties
concerning the feasibility of nuclear excavation at the present time.

This Study treats only with costs and revenues directly associated with transiting ships
between the oceans. An organization concerned with building, operating, and maintaining
new canal facilities may have other commercial activities. No costs or revenues from any
such activities have been included in the analyses in this Study.

Within its limited scope, the basic question which the Finance Study attempts to
answer is whether any of the alternative proposals would be a commercially feasible venture.
The costs and revenues associated with the various canal options were examined to
determine whether the additional revenues which would be earned by the new facilities
would be sufficient to recover their capital and operating costs. This analysis is characterized
as the "economic evaluation." Also examined were assumptions under which the books of
account of a canal operating agency would show a recovery of costs after 60 years of
operation. This examination involved analysis of various combinations of revenues to be
credited to the agency at different toll rates, reimbursable costs to be charged against the
agency, and rates of interest citarged the agency on its reimbursable capital. This is
identified as the "payout analysis."

A detailed financial plan, which was an original objective of this Study, would
necessarily incorporate factors that include the flnal recommendatioi:s of the Commission as
to whether and when additional facilities shotld be constructed, the terms of any new
treaty agreements, and any revision in the tolls system. The general circumstances under
which additional facilities would be commercially feasible, or under which self-liquidating
financing could be anticipated under the payout analysis, are broadly included.
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Since costs would be incurred over a period of years and revenues also would be
realized over a period of years, they must be placed on a common basis for comparative
purposes. This is done by discounting future costs and earnings to a common date using
appropriate interest rates for this purpose.

To permit rapid revision of the economic and financial aialyses as new data on costs
and revenues were received, a number of computer programs were developed so that new
variables could be introduced for machine analysis. The results are presented graphically and
in tabular torm to show the impact of changes in variables.

Study Presentation
Chapter II summarizes the estimates of costs and revenues derived from the Study of

Engineering Feasibility and the Study of Interoceanik and Intercoastal Shipping, respec-
tively. Chapter III provides analyses of alternative canal proposals, presenting both the
"economic evaluation" and the "payout analysis." Chapter IV discusses alternative methods
of financing. Chapter V presents conclusions derived from the economic evaluation and the
payout analysis.
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Chapter i1

COST AND REVENUE ESTIMATES

Introduction
This Chapter summarizes the basic estimates of construction costs, operating expenses,

and revenues from projected interoceanic ,:anal traffic upon which the economic evaluation
and payout analyses in this Study are base,'. The construction cost estimates, obtained from
data developed for the Study of Engineer rg Feasibility, are based on evaluation of data
from field surveys, previous reports, and en-;ineering design studies. The revenue estimates
from the Study of Interoceanic and Intercoastal Shipping are based on two estimates of the
growth of cargo tonnage.

Cost Estimates for Canal Options
Figure II-1 diagrams the routes considered in the sea-level canal investigation. Based on

a comparative analysis of all the sea-level canal routes, the Study of Engireering Feasibility
concluded tVat Route 10 in Panama was the most desirable for a sea-level canal from an
engineering standpoint and that Route 14 Separate (14S) in the Canal Zone was the next
most desirable alternative. It was also concluded that, if nuclear excavation should become
feasible, Route 25 in Colombia would be the least expensive sea-level canal alternative. The
Study of Engineering Feasi-jility also developed cost estimates for Route 15, the
designation given to an imnproved lock canal along the existing Panama Canal alignment.
These estimates are based essentially on adding a lane of deep-draft locks to the present lock
canal.

All conventionally excavated sea-level canals would be designed for alternating one-way
convoy traffic and would have a single channel 550 feet wide, with a parabolic bottom 75
feet below mean sea level at the edges and 10 feet deeper along the center line. A channel of
these dimensions would be able to accommodate ships of 150,000 deadweight tons (DWT)
under all conditions, and ships of 250,000 DWT under selected favorable conditions. Ocean
approaches would be 1,400 feet wide and 85 feet deep, suitable for two-way traffic. The
plans include provisiois for gates to control tidal currents induced by tides, when necessary.
A tug boat fleet would also be provided to assist navigation through the canal. Necessary
supporting facilities such as roads, anchorages and buildings were also included in the cost
estimates. Because essentially all of the military installations needed for the defense of a
sea-level canal within Panama could be adapted from existing installations in the Canal
Zone, the additional ;osts for this purpose would be small and are not included in the cost
estimates.

The estimates of costs of continued operation of the existing lock canal include an
allowance for the cost of the Canal Zone Government. which amounted to $23.4 million in
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fiscal year 1969. The cost estimates for the sea-level canal options do not include such an
allowance on the basis that reduced U.S. personnel requirements and a greater reliance on
local personnel would reduce such costs. To the extent that some Government functions are
found necessary for sea-level canal operation, the analyses in this Study may overstate the
economic and financial feasibility of the sea-level canal options.

Route 10
Route 10 crosses the Panamanian Isthmus through generally low-lying country about

10 miles southwest of the existing lock canal. I ie land cut, which would intersect portions
of Gatun Lake, would be 36 miles lcng. The ocean approaches would be 17 miles long. The
maximum elevation in the area to be excavated is about 430 feet. C ompared to other routes
it has several advantages, such as short length, easy accessibility, low elevations, and little
need for supporting facilities beyond those already available at the Panama Canal. These
advantages are all reflected in the relatively low estimated construction cost for Route 10.

The Engineering Feasibility Study concluded that a conventionally excavated single-
lane sea-level canal on Route 10 would cost about $2.88 billion to design and construct; this
cost includes provision for tugs which are needed for the safe operation of the canal. The
funds would be expended approximately as follows during the 14 years required ,for
completion:

Year Funds required
($ millions)

1 11
2 11
3 54
4 152
5 253
6 V6
7 306
8 298
9 257

10 257
11i 275

12 267
13 2501
14 183

Cost of operation a.nd maintenance of a sealevel canal on Route 10 would amount to
$35 million a year plus $640 per transit. This includes Al costs associated with tugs which
would accompany most ships.1

Since tup are essential for the safe transit of ships through the canal, tug service as required was asunmed to be an

integral part of the services furnished for the tolls paid by all ship operators. This differs from present Panama Canal
practice in which tugs are provided as required by canal operating ruek but individual ship operators are charged for the
tug services in addition to tolls.
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Certain of the facilities furnished as a part of tile original sea-level canal construction
would require replacement before the end of the period for which the finances of the canal
are being examined. The year when the replacement is required and its estimated cost are
tabulated below:

Year after opening Estimated cost of Annual depreciation
replacement is required replacement, $ millions expense, $ millions

25 3 .1
30 18 .6
40 44 1.1

Upon opening of the sea-level canal for full operation, it was assumed that the Panama
Canal would be placed in a stand-by status for about 10 years to provide a transit facility in
case of interruption to traffic in the sea-level canal on Route 10. To maintain the lock canal
in a status of L1,aitcd eperational readiness would cost about $4 million a year. After 10
years, the lock canal would be mothballed at an estimated cost of $1 million, and
maintained in this status at a cost of about $1 million a year.

The transit capacity c f the sea-level canal on Route 10 would be at least 38,000
passages a year. The capacity could be increased to 56,000 transits a year or more by the
addition of a centrally located by-pass. The by-pass would cost $460 million and would take
about four years to construct. Operation and maintenance cost would decrease about $1
million a year because of improved efficiency of operations.

Route 14S
This route lies wholly within the present Canal Zone and follows closely the lock c Inal

alignment. It takes advantage of excavations made for the Third Locks Project in
1939-1 42. The land cut, which would traverse the widest part of Gatun Lake, would be 33
miles long. The ocean approaches, including the reach across Limon Bay, would be 20 miles
long. The maximum elevation in the area to be excavated is about 450 feet. Route 14S
generally enjoys the advantages of Route 10 but Jts construction would interfere with
operations in the lock canal, increase the risk of causing slides into the lock canal which
might block the canal for traffic, and eliminate future use of the lock canal as a temporary
alternative or ar addition to the sea-level c nal.

The cost of construction of a canal along Route 14S is estimated to be slightly more
than that for Route 10. Route 14 with the cut through the Continental Divide separated
from the present canal would cost about $3.04 billion for design and construction including
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the cost of tugs. Funds would be expended approximately as follows during the 16 years
required for completion:

Funds required
Year ($ millions)

1 11
2 11
3 40
4 179
5 321
6 366
7 364
8 317
9 284

10 262
11 250
12 215
13 140
14 121
15 91
16 68

Fixed operation and maintenance cost, the additional cost per transit, and the schedule
and ccrt for major replacements would be the same as for Route 10. Route 14S would
divide and lower Gatun Lake, and thus preclude the use of the Panama Canal as a standby
for the sea-level canal. Accordingly, no costs for standby operation or mothballing the
Panama Canal were included in the analysis of Route 14S.

The capacity of Route 14S would bc at least 39,000 transits a year. Capacity could be
increased to 55,000 transits a year or more by shortening the length of the restricted cut.
This would cost $430 million and require four years for construction. Operation and
maintenance cost would be reduced about $1 million a year because of improved efficiency
of operitions.

Route 25
This route lies wholly within Colombia and generally parallels the Panama-Colombia

border. The total land cut is 98 miles in length; the ocean approaches are five miles long.
The disadvantages of long length and lack of existing supporting facilities would be more
than offset by the expected savings if nuclear excavation were technically feasible at an
estimated cost of $2.1 billion. Route 25 is not included in the economic evaluation or
payout analysis largely because of the uncertainties surrounding nuclear excavation.

Route 15
The Route 15 eption analyzed in this Study consists of the new plan for adding deep

draft locks to the Panama Canal described in the Study of Engineering Feasibility. In
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addition to new large locks, the plan includes widening and deepening channels, augmenting
the lockage water supply, and other features. These improvements would cost $1.53
billion, would be capable of handling ships up to 150,000 DWT, and would provide for a
total transit capacity through the improved canal of 35,000 ships a year. The approximate
annual expenditures for the 10 years required for construction are tabulated below:

Funds required
Year ($ millions)

1 10
2 20
3 100
4 200
5 220
6 220
7 220
8 220
9 220

10 100

In addition to the cost of operation and maintenance of the present canal, the
operation and maintenance of the deep draft locks would cost $13 million per year. There
would also be an additional cost of $1,600 per transit for all transits over 26,800 a year.
This amount includes $800 per transit for pumping lockage water. There would be no
separate charge against canal users for these costs. Tug charges, about $0.024 per cargo ton,
would be in addition to these costs. Consideration would also have to be given to the
possible replacement of the existing locks.

Continued Operation of the Present Panama Canal
An alternative to building a sea-level canal is the continued operation of the Panama

Canal. It has been estimated 2 that the present canal can accommodate 26,800 transits a year
provided improvements at an estimated cost of $92 million are undertaken. The tonnage
estimates in the Shipping Study suggest that the demand for transits, at the existing toll
levels, could reach 26,800 annual transits as early as 1990.

Estimated annual cost of operating and maintaining the lock canal from 1971 to 2000
is indicated in Table 1l-1, based on information provided by the Panama Canal Company.
Annual costs range from $79 million to $92 million over the period in constant dollars and
include the costs of the improvement program proposed in the Kearney Report.

The debt on which the Panama Canal Company pays interest to the U.S. Treasury
amaunted to "317 million as of June 30, 1970. In certain of the evaluations this $317
million has been used as the indebtedness of the Panama Canal Company. However, it

; Imptovement Program for the Panama Canal, 1969", A.T. Keamey and Company, Inc.
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TABLE I1-1
Annual Cost of Operating and Maintaining The Panama Canal

(millions of dollars)

Approx. Current Depreciation Operation Added Total
Year Annual on ofCost Pilotage cost

Transits Improvements Improvements

1971 15,500 75 - - - 79
1975 17,000 75 - - 1 80
1980 19,000 75 1 2 2 83
1985 21,000 75 1 4 2 86
1990 23,000 75 2 6 2 89
1995 25,000 75 2 8 2 92
2000 26,800 75 2 8 2 88
(and after)

should be pointed out that, as of the same date, the total unrecovered United States
investment in the Canal, including unpaid interest accrued since 1903, was estimated by the
Company to be $700 million, excluding defense costs.

The present canal has been in operation for 56 years. As a result of continuous
maintenance and improvements the canal continues to be in excellent condition capable of
being operated for many years. It is not known, however, whether or when the existing
locks might require replacement. The cost of such replacement has not been estimated but
an approximate cost of $800 million has been used for evaluation purposes. Construction
has been assumed to take six years. Transit capacity would remain at 26,800 a year (with
the improvements recommended in the Kearney Report).

Treaty Cost and Land Use
The cost of real estate acquisition and easements has been estimated for the various

routes as indicated below:

Cost of Real Estate
Route $ millions

10 27
14S 2
15 0

No lump sum settlement cost with the host country for land use is included in the
analysis since royalties are assumed to provide the entire reimbursement to the host
country.
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Forecasts of Cargo Tonnage and Transits
The Shipping Study presents two forecasts of cargo tonnage through a sea-level canal.

The two estimates are called the "potential tonnage" forecast and the "low tonnage"
forecast (Figure 11-2). The potential tonnage forecast is considered reasonable by the
Commission, but with recognition that no forecast for so long and distant a period can be
relied upon unequivocally. The low tonnage forecast provides for possible lower future
traffic and has been adopted by the Commission for determining financial risks. The
projected tonnage for the two estimates is summarized below for bench-mark years:

Projected cargo in millions of long tons
Year Potential Forecast Low Forecast
1970 i11 111
1980 157 171
1990 239 218
2000 357 254
2020 643 325
2040 778 403

For the purpose of estimating transit requirements, the Shipping Study developed a
range of possibilities concerning the cargo distribution of the future- among freighters, dry
bulk carriers and tankers. A methodology, which included consideration of projected ship
characteristics of future interoceanic canal traffic, was employed to convert the projected
cargo mix into a projectien of transits for canal capacity planning and revenue projection
purposes. It was concluded that the future mix of ships carrying cargoes through a sea-level
canal could range from the present experience of the Panama Canal, in which 46% of the
cargo tonnage is carried in freighters and 54 percent in dry bulk carriers and tankers, to a
much higher ratio of bulk carriers and tankers by the year 2000 and thereafter, i.e., 75%
with only 25% of the cargo tonnage moving in freighters. For revenue projection purposes
the 46 percent freighter cargo mix was used with the low tonnag,ý forecast, and the 25
percent freighter cargo mix with the potential tonnage forecast. TbWe 11-2 shows the range
of forecast transits associated with the forecasts of cargo tonnage and cargo mix.

Projected Revenues
Revenue computations in the Shipping Study were derived by converting current

Panama Canal revenue experience to an average toll per ton of cargo for each type ship and
by weighting according to estimated cargo distribution among the types of ships. Thus, tolls
are stated in terms of dollart per cargo ton as an expedient for relating cargo tonnage and
cargo mix to gross revenues.

rolls for the existing Panama Canal are levied on the basis of the Panama Canal ton
which consists of 100 cubic feet of cargo carrying space. Laden ships pay $0.90 per ton and
ships entirely in ballast $0.72 per ton. Certain other ships pay $0.50 per displacement ton.
The present tolls system produces gross revenues which currently average approximately

3 If the higher tonnage were realized, it would presumably include a much higher proportion of bulk commodities moving
on larger ships and a lower proportion of freighter cargo.
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TABLE 11-2
Projected Transit Requirements

For A See.Level Canal'

Total number of transits
"Year "Potential" : "Low"

tonnage2  tonnage3

1970 15,500 15,500

1980 17,300 20,900
1 V90 2 ,000 24,300
2C0) 24,500 26,000
2020 27,800 29,100
2040 39,300 31,500

1 For a canal which can accommodate ships up to 250,000 DWT.
225% of cargo in fmirtfom
348% of cargo in frightrs.

$0.884 per long ton of cargo. Bulk cargoes produce less than average revenue per cargo ton,
and a trend toward increased proportion of bulk cargo would result in a lower gross
revenue per ton of cargo transited under the current toll assessnent system. The 25 percent
- 75 percent ratio projected in the Shipping Study would produce gross revenues averaging
approximately $0.777 per ton of cargo under the present system.

Figure 11-3 shows projected revenues ander the present Panama Canal toll assessment
system. The projected revenues depicted in Figure 11-3 are based on the Shipping Study
estimated average toll rates of $0.884 per cargo ton for the "low" tonnage, 46% freighter
cargo mix forecast, and, reflecting the declining proportion of freighter cargo, $0.884
declining on a uniform annual basis to $0.777 per cargo ton in year 2000 for the
"potential" tonnage, 25% freighter cargo mix forecast.

The Shipping Study also concluded that a restructured assessment system could
produce approximately 40 percent greater revenues from an average tolls increase of 50
percent, without markedly affecting the traffic growth expected under the present Panama
Canal tolls sytem. This restructured system would involve selective increases of as much as
150 percent on iome cargoes and reductions below the present levels for some bulk cargoes.
Figure 11-4 shows projected revenues under the restructured assessment system discussed in
the Shipping Study, assuming the restructured system had been put into effect at the
beginning of 1970. The projected revenues related to the restructured tolls system in Figure
11-4 are based on the same computations as for Figure 11-3 but with 50% higher revenues for
year 1970 declining gradually to 40% higher revenue in year 1990.

The projected average tolls per ton of cargo, using the existing Panama Canal toll rates
and structure-which produces $0.884 per cargo ton for the 46% freighter cargo mix and
$0.884 declining to $0.777 in the year 2000 with a decline to 25% in the freighter cargo
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mix- form the basis for the revenue estimates that are included in the economic evaluation
in this Study. The payout analysis, on the other hand, assumes a toll structure that
produces a constant revenue per cargo ton without regard to the proportion of freighter, dry
bulk, and tanker cargoes and uses a toll rate of $0.884 per cargo ton (the current average
revenue per ton from total Panama Canal traffic) at least until initiation of construction or
opening of a new canal.

Payments to Host Countries
The 1955 Treaty with Panama provided for a fixed $1,930,000 annuity to Panama. The

1967 draft treaty would have substituted royalty payments for each long ton of cargo
transported through the canal, starting at 17 cents per long ton of cargo upon ratification of
the new treaty and rising I cent annually for five years to 22 cents per long ton where it
would remain thereafter.

The Study Group has assumed the following royalty rates for its financial evaluations.

Royalty rate per ton
Year of cargo transited

1971 $0.17
1972 0.18
1973 0.19
1974 C.20
1975 0.21
1976 and after 0.22
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Chapter []

ANALYSIS AND EVALUATION

Introduction

General

This Chapter presents and summarizes the analysis of t•-' economic and the finarn:ial
implications of various canal options. Two basic approaches are iivolved in the analytical
process - one designated as the "economic evaluation" and the other as the "payout
analysis." These two analyses are distinguished by the specific questions toward which each
is directed. Economic evaluation attempts'to provide a measure of the worth to the Fed•eral
Government, or to the Nation as a whole, of a proposed investment project. Payout analysis,
on the ether hand, relates to the books of account of a proposed project, i.e., the extent to
which capital costs, operation and maintenance expense, royalty and other costs charged to
an assumed project operating agency could be recovered from revenues and credits assigned
to the agency. Both approaches, although directed to differing objectives, may be pertinent
to the Commission's findings and recommendations.

As an example of the application of both procedures, prior to project approval Federal
water resources projects are generally subjected to a thorough examination of the total
benefits which would be created by the project and the costs which would be attribu table to
the project. The procedures for conducting these analyses have been formalized in "Policies,
Standards, and Procedures in the Formulation, Evaluation, and Review of Plans for Use and
Development of Water and Related Resources", 1 and made applicable to the various Federal
agencies involved in water resources project planning and development. Senate Document
No. 97 provides for consideration of all benefits attributable to the project, whether or not
these benefits generate revenues for the project.

Assuming a favorable outcome of the economic evalui~tion, indicated by benefits at
least equal to costs either on a present value or annual equivalent basis, the propoý-zd project
may be subjected, where applicable, to a payout analysis in order to determine whether
revenues assigned to the project would be sufficient to amortize the reimbursable portion of
construction costs. A favorable outcome of both the economic evaluption and thi payout
analysis (if one is conducted) has generally been a prerequisite to project approval by the
Congress.

The Commission requested that the Finance Study Group consider only the potential
financial returns of the canal options under consideration. A complete benefit-cost analysis,

'Reprinted and popularly referred to as Senate Document No. 97 (87th Congress, 2nd Session).
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however, would take into accourt foreign policy, defense, and other benefits and burdens
which might be attributable to a canal investment, including what the Commission considers
to be the unique role of an interoceanic canal in the American Isthmus as part of the
world-wide transportation system. In this connection, Federal budgetary procedures
regularly require estimates of the dollar value of all benefits and all burdens. However, in the
case of the interoceanic canal investigation, the Commission has concluded that no
quantitative dollar values could be placed on the non-revenue benefits attributable to a new
int.,roceanic canal; nor could all the burdens of such a canal be identified or quantified.
Accordingly, the Finance Study Group has applied the procedures generally prescribed for
Federal project economic evaluation usirig only toll revenues and credits as benefits, and
estimated construction and other identified costs as burdens. Notwithstanding these
fundamental limitations, this analysis is hereafter n-ferred to as the "economic evaluation."

To properly reflect the benefits and costs for the Nation as a whole, only the
incremental benefits and costs are relevant. Because the Finance Study considers only
revenues as benefits, the question of the financial return from the viewpoint of the Nation
as a whole depends upon whether the additional revenues which would be earned as a result
of any u;w investment, over and above the net revenues which would be earned by the
existing lock canal, would be sufficient to cover the costs of operating and maintaining the
new facilities and to amortize the capital investment with en appropriate rate of return.
While this statement of principle seems easy and straightforward, its application m4ay be
difficult and complex, even apart from problems of estimating technical factors affecting
costs and revenues.

In addition to the economic evaluation described above, which is designed to reflect the
overall net "economic" return to the United States, the Finance Study Group also
conducted payout analyses of the canal options. These analyses illustrate that ":. would be
possible to create a financially viable canal operating agency even though for the Federal
Government, as a whole, the project may not be economically feasible in terms of the
benefits and costs evaluated in this Study.

The payout analyses are conducted so that the implications for tolls can be evaluated
depending on th. portion of the investment determined to be reimbursable, the rate of
interest, and other costs to be charged to the agency. Such determinations may be
appropriate to the extent of the foreign policy, defense, and other non-revenue benefits
attributable to thM investment in new tacilities which are not considered in the economic
evaluation. In the case of the present Panima Canal Company, for example, the nominal
Federal capital on which interest is paid is less than half the unamortized capital investment
in the lock canal and associated facilities, the rate of return paid on the nominal capital is
far below current market yields, and the bulk of the present annual payment to Panama is
not charged against ..anal revenues.

Period of Analysis
A 60-year period of operation of the new facilities is examined in both the econom.;.

evaluation and the payout analysis. Each investment option is examined for assumed
opening dates for the new facilities ranging from 1990 to 2020. With construction periods
ranging from i 0 to 16 years, the nnalyses, therefore, treat new construction beginning from
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1974 to 2010. The analyses also assume that the existing loik canal facilities will remain
under U.S. control throughout the period under examination.

Risk and Uncertainty
Risk and uncertainty are involved in any investment project; the outcome may be

better or wcrse than qcsumed in the plar.'ing. The most appropriate method for dealing
with these factors is to make explicit ailowances in the estimations of revenues and costs
and to compute expected values and probability distributions. An alternative is to provide
an allowance against adverse results by using a higher discount rate for project evaluation.

Office of Management and Budget Circular No. A-94 requires explicit consideration of
risks, which has been done on the revenue side in the interoceanic canal studies through
adoption of two "equally likely" estimates of future tonnage through an enlarged canal
facility. T.e "potential" and "low" tonnage projections in the Shipping Study Group
Report are intended to provide a basis for an estimate of the range of possible revenues.
Estimated revenues are a function of the tonnage estimate and the toll rates applicable to
the tonnage. However, the level and structure of toll rates, the composition of traffic, and
the volume of traffic transiting the canal are interrelated. The Commission accepted the fact
that the Shipping Study Group was unable to forecast the details of canal traffic so far into
the future, and considered it impractical and undesirable to attempt to prescribe the level
and structure of future toll rates. Therefore, a basic uncertainty must necessarily prevail
with respect to the revenue estimates.

On the cost side, there is historical evidence of construction cost overins in various
civil works projects. However, faulty estimates, as such, have accounted for a very minor
portion of increased project costs. In any event, the construction cost estimates for the
canal options inciude contingency allowances averaging 12 percent, which do not appear
unreasonable based on past experience.

Inflation
In both analyses cost and revenue data are in current prices. These are maintaineO

throughout the period of analysis with no adjustments made for possible changes in price
levels. In this sense, the current price relationships are assumed to remain stable over time.
The Shipping Study concluded that canal tolls could be increased by the amount of
inflation in competing transportation modes without diverting traffic from the canal.
However, toll rates for the existing Canal have not been changed materially since the Canal
was opened, even though the general level of prices and costs has increased substantially. In
addition, the Shipping Study conclusion may need some modification if there are
differential rates of inflation in the cost of competing transportation services.

Inflation could be a significant factor as far as cons'truction costs are concerned.
Approximately 70 percent of the esLimated costs involve earth excavation which historically
has experienced only a moderate rise in cost owing to constantly improving technology. In
recent years, however, excavation costs have begun to rise at a rate approaching that of the
entire construction industry.
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Royalties
Host country payments are not included in the economic evaluation since the question

of the distribution of benefits is logically separable from the question of the measurement
of total benefits. They .are included in the payout analyses as part of the bookkeeping. The

Panama Canal Company, however, is not now charged with the bulk of present payments to
Panama.

Future Finance of the Present Panama Canal
Continued operation of the present Panama Canal provides a benchmark against which

the financial performance of other canal options may be measured. The present canal is not
comparable in terms of maximum ship sizes which could be accommodated by the
contemplated sea-level canal alternatives. The transit capacity of the present canal, even if
improved as recomrrnnded in the Kearney Report, would be 26,800 transits a year, and this
traffic level is projected to be reached at variou3 dates from 1989 on. After the present canal
is saturated, it would not be comparable to the sea-level canal options in transit capacity.

The 3nalysis of continued operation of the present canal assumes continuation of Canal
Zone Governr .nt costs, improvement of the canal as recommended in the Kearney Report,
liquidation of the cost of this improvement as well as the present debt on which the Panama
Canal Company pays interest to the United States Treasury, and payment of royalties to
Panama. Projected revenues from the present canal would be sufficient to retire the current
debt and amortize the Kearney improvements at interest rate tanging up to about 10
percent, as shown in Figures III-1 and 111-2. On the basis of the unamortized capital
investment in the present canal - approximately $700 million - rather than the
interest-bearing debt, the rate of return would be reduced to from 6 percent to 7 percent,
somewhat less than the current borrowing costs of the Federal Government but within the
recent range of these costs. Continued operation of the canal to 2050, assuming this to be
possible without replacing the locks, would build up substantial reserves.

Analytical Factors

Toll Rate and Structure
There would be major differences between a sea-level canal and the existing canal in the

capability to handle sizes and nLrrn-.ers of ships. To determine the economic advantage to be
gained by providing the additional capacity of a sea-level canal it is desirable to compare the
maximum realizable net revenues from a sea-level canal and from the existing lock canal.
This analytical procedure should not be interpreted as advocating an increase in tolls to
maximum levels: pricing policy is complicated and related to aims other than purely
commercial revenues. Nevertheless, estimating the maximum realizable net revenues from a
sea level canal and from the existing lock canal would be useful for evaluating the cost of
achieving additional capacity because the difference would be the amount of net revenue
that marginally could be attributed to the investment in a sea-level canal.

The Shipping Study estimated the demand for transisthmian crossings in cargo tons and

associated transits-the "potential" and "low" tonnage forecasts-and the potential supply
of such crossings in cargo tonnage capacity and related transits of the existing lock canal.
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The excess of the tonnage demand for-cast crer the mnpac-ty of tie existing lock canal,
theretore, is an estimate of the demand for additional transisthmian facilities. Without
allowing for the effects of a change in tolls or toll structure on total demand, the pioduct of
estimated excess tonnage demand and various toll rates is a measure of the revenue which
could marginally be attributed to the investment in additional canal facilities.

From an economic viewpoint, the demand for canal services is a function of the price
charged for those services. Tolls for use of the existing canal have not been materially
changed since the canal was opened, so that, as a result of inflation in world prices, real tolls
have actually declined. It may be suggested that adjustments in toll rates may provide a
means for assuring the most economical use of canal facilities.

The Shipping Study points out that the cost of alternative means of placing a
commodity in the hands of the final buyer provides an upper limit on tolls that could be
charSed for use of the canal. In many cases, the most likely alternative to shipments through
a transLthmian canal would be the use of larger ships which can economically use other
routes. In fact, the trend toward the development and use of supership bulkers and tankers
is wed establisheJ. This trend can be interpreted as suggesting a decline in the economic
value of a transisthmian canal as a result of advances in technology. In this connection, at
toll levels lower than the existing Panama Canal tolls the Shipping Study indicates that a
canal that could transit shIps of 200,000 and 250,,000 DWT could compete with alternative
routing for larger ships.

Focusing only on revenue producing benefits and dollar cost outlays, the approach
prescribed for evaluating Federal public works projects' would require that the revenue
projections for each of the canal options be based on a toll structure and related charges
whi.ch would maximize the net benefits from canal operations. It should be emphasized,
however, that this analytical requirement would riot prejudice decisions bearing on the
distribution of potential financial and economic benefits among the United States, the host
country, and third countries. However, it can greatly facilitate weighing the relative costs
and benefits of the alternatives open to the United States, focus attention on the merits of
the policy of subsidizing canal traffic, and assist in reconciling policies concerning the canal
with other Federal policies.

Scale of De-el, it
From an econenrc viewpoint the objective of any undertaking is to maximize the net

present value-excess of benefits over burdens on a present value basis-of an investment.
For comparisons of the relative economic efficiency of two equal investments the ratio of
benefits to burdens, both in terms of present value, should be used. N-t present value is
maximized when a development is extended to the point at which the benefits added by the
last increment of scale are equal to the burdens involved in adding that increment of scale.
This maximizing approach is recognized and prescribed for project planning and formulation
for Federal water resources projects by Executive Branch agencies.3 In the economic

2 Ibid.

'Ibid.
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evaluation of the canal options in this Study, benefits equate to revenues and burdens to
construction, operating and other identifiable costs.

From an economic viewpoint the sea-level and other canal investment alternatives
constitute an incremental addition to the existing transisthmian facilities. From this
viewpoint, therefore, only those revenues associated with the additional traffic exceeding
the capacity of the existing canal are relevant for evaluating an investment decision. Figures
111-3 and 111-4 illustrate the tonnage demands estimated by the Shipping Study Group (the
"potential" and "low" projections, respectively), the estimated capacity of the present
Panama Canal, and the demand in excess of the capacity of the present canal. The product
of this excess demand and various toll rates provides the incremental revenues used in the
economic evaluation.

To maximize the net present velue of any new canal investment, the project should be
extended to the point at which the present value of the incremental revenues just equals the
present value cost of providing the incremental capacity. In this connection, the Shipping
and Engineering Studies suggest that there may be an engineering scale problem. The
capacity of the existing lock canal is limited in both the number of annual transits and the
maximum ship size which can be accommodated. The present canal, improved as
recommended in the Kearney Report, would provide capacity for 26,800 annual transits. A
sea-level canal on Route 10 would provide capacity for 38,000 ennual transits-an
incremental capacity of 11,200 transits-under currently known safe ship operating mnethods
in restricted channels. In terms of maximum ship size, the present canal with its maximum
ship capacity of 65,000 DWT is of sufficient dimensions to accommodate about 90 percent
of the ships in die world fleet in the year 2000 and about 80 percent in the year 2040. A
sea-level canal on Route 10 would be able to accommodate ships up to 150,000 DWT under
all conditions and ships of 250,000 DWT under favorable conditions. The Shipping Study
indicates that the added costs of providing channels large enough to handle superships might
not be recoverable from tolls on such ships in view of the economical alternative routes
available to these ships.

The requirement to relate the incremental costs of the canal options-to include varying
channel sizes-and the incremental projected revenues to be realized from each option was
recognized at an early date in the sea-level canal investigation. However, because of the
uncertainties inherent in the very long range forecast of the Shipping Study and the
aggregative forecasting methodology employed, this analysis was not carried forward.

Discount Rates
The purpose of discounting is to provide a common basis for comparing alternative uses

of resources where the time patterns of benefits and costs are different and one alternative is
not clearly superior in every respect to all other uses of resources. Assuming two alteniatives
involving the same capital investment are technically feasible, that with the larger present
value is clearly relatively more desirable from an economic viewpoint. Since relative
evaluations may be changed by the use of one discount rate rather than another, however,
the choice of a proper discount rate is extremely important.

In addition to its use in comparing time streams of costs and benefits, a discount rate is
also needed to compare financial flows. For this purpose, if an agency is to be able to meet
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its debt service charges, the appropriate discount rate is at least as high as-and possibly
higher than to provide a margin against uncertainties-the agency's cost of reimbursable
capital. For a Federal investment, therefore, an appropriate discount rate should be at least
the current cost of money to the United States, i.e., current market yields on outstanding
Treasu'ry obligations with maturities comparable to the period of investment.

While the Treasury does not enter the market to borrow a specific amount for a specific
period to finance an investment of an equal amount for the same period, it is, in general,
compelled to have a comparably greater amount of debt outstanding over the period, and
the most appropriate estimate of the cost to the Government would appear to be the
current market cost of borrowing for comparable maturities. The market yield formula,
moreover, provides a current measure of the minimum cost of money in the economy, since
Treasury borrowing costs are lower than private borrowing costs, and thus serves as a
minimum measure of the opportunity cost of public or private investment.

Any Government project uses economic resources. In the absence of Govt•nment
investment, these resources would be available to the private sector. The opportunity to
consume or invest and earn a rate of return for a different use by the private sector is
foregone as a result of the Government investment and constitutes the opportunity cost of
the Government investment. Thus, use of a discount rate lower than the opportunity cost of
capital in the private sector can lead to a misallocation of resources from the private sector
to the public s.-ctor and from a higher return use to a lower return use within the public
sector.

For these reasons, the Subcommittee on Economy in Government of the Joint Economic
Committee concluded that the optimum allocation of resources requires the use of
economically relevant discount rates in the evaluation of public investments and proposed
the opportL .iity cost of displaced private spending as a correct conceptual basis for the
Government discount rate.4 Office of Management and Budget Circular No. A-94 prescribes
use of a discount rate related to current yields on Government securities and a higher rate
reflecting opportunities foregone in the private sector for evaluation of all projects with
costs or benefits extending over three or more years.

Some analysts believe that the principle that the discount rate used to evaluate
Government projects should reflect opportunities foregone across the private economy as a
whole must be modified for the analysis of Government projects which would displace
private investments. In the latter case, these analysts suggest that the appropriate discount
rate is the private rate of return on investment in the particular industry affected. Even with
this qualification, however, most analysts would agree that the private rate of return on an
equity investment must be at least approximately twice the current market yield on
outstanding Treasury sccupties. since, in order to attract equity capital from private
investors, the industry must be able, after paymlent of the corporate income tax, to offer
investors a return not less than the return obtainable without risk on Treasury secuitieb.'

4 "The Plannir*Progamming•RBudgetin System: Proress and Potentials", December 1%7; and "Economic Analysis of
Public Investment Decislonm: Interest Rate Policy and Discounting Analysis", 1%8,

See, for example, William J. Baumol, "On the Discount Rate for Public Project.", in Joint Economic Committee, The
Ardlyuis and E•'ahurdo of Public ExpendItures." The PPB System% A Compenaium of Papers Submitted to the
Subcommittee on Economy in Government (91st Conress, Ist Session).
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Since the Federal Government would assume some eqiiity type risks in supporting
directly or indirectly an investment in new canal facilitiet,, the expected overall rate of
return on the investment should be sufficiently above tbh cost of Treasury financing to
afford equitable compensation for the assumption of that risk. Consequently, in the
economic evaluation the Finance Study Group has ar:iyzed the various canal options at
discount rates of 6, 9, and 12 percent. Rates in the lower end of this range are in the area of
market yields on U.S. Government securities in recent years. Rates in the upper end of the
range would more nearly reflect the opportunity cost of capital in the private sector.

Economic Evaluation
Based on incremental benefits (revenues), neither the Route 10 nor Route 14S sea-level

canal alternatives, nor the addition of a third lane of locks to the existing lock canal, Route
15, is commercially feasible if identified benefits are required to cover the whole of
investment and operating costs, unless construction is substantially delayed ana financing
costs are below current Treasury financing costs. If a sufficient part of the investment cost is
chargeable against foreign policy, defense, and other noncommercial benefits, however,
construction and operation of a sea-level canal may still be in t0 . national interest.

Conversely, the present value of the deficit resulting from the economic evaluation
provides a measure of the cost to the Nation of obtaining the foreign policy, defense, and
other benefits that may be attributed to the projz_2t.

Route 10
Computations summarized in Figure 111-5 indicate the fraction of consiruction costs

that: could be recovered through the additional revenues and cost savings attributable to a
Route 10 canal. As indicated in Table III-I, the net present value cost of opening Route 10
in 1990 would be $720 million to $I billion depending upon the interest rate used in the
evaluation and upon whether the potential tonnage or low tonnage forecast were to
materialize. The corresponding level annual revenue deficiency during each year of the 60
year period of operation woild range from $150 million to $400 million.

The analyses summarized in Figure 111-5 and Table I1I-1 assume that as experience with
operating ships in restricted waterways is developed, the Route 10 chawr-el would prove to
be sufficient to accommodate the 39,300 annual transits which would be necesary in the
year 2040 to carry the "potential" tonnage projection with the 25 percent freighter cargo
ship mix. (The "low" tonnage projection would require 31,500 annual transits in the year
2040). If improved ship operation technology is not developed so that the maximum transit
capacity of Route 10 is limited to 38,000 annual transits, a level which would be reached in
the year 2025 with the "potential" tonnage/25 percent freighter cargo mix projection, the
net revenues of the Route 10 option would be reduced (net deficit increased, net surplus
reduced) by the amounts shown in Table 111-2. Table 111-2 also indicates that the increased
net revenues attributable to the increased traffic which could be accommodated if a by-pass
were constructed would not be sufficient to recover the construction cost of the by-pass
project.
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TABLE I11-1

ROUTE 10
Net Revenue as a Percentage of Construction Cost,

and Net Worth by Opening Date. Present Value in 1970.
(Dollars in millions)

Shipping Study Tonnage Forecast

Opening Date Potential Tons Low Tons

and Revenue Net Average Revenue Net Average
Discoint Rate as % of Worth Annual as % of Worth Annual

Cost Deficiency Cost D ficiency

1990
6% 40% $-766 $152 21% $-1,014 $201
9% 18 -721 366 11 - 782 397

2000
6% 63% $-266 $ 95 17% 5- 524 $186
9% 30 3 310 14 -318 382

2010
6% 91% $-36 $ 23 34% $- 266 $1S9
9% 49 -80 227 18 -128 364

2020
111% $ 24 $-27 40% $- 134 $153

9% 63 - 25 1 fiý 22 - 51 343

Notes:
' Existing Panama Canal toll structure and rF.tes.
2 No royalty.
3

Net revenue equals gross revenue attribulable to tonna in excess of the capecity of the existing canal plus operating cost

swiings resulting from closing the existing canal less cost of operating the Route I- ial.4
•Avsrage annr.Lal ciefictncy is the level annual raverue shortfall over the 60 vear pere- of oo"ation.

Route 14S
A Rcute 14"p sea-level canal would involve a larger commercial deficit becaiuse of higher

construcic i costs and a longer construction period. Thus, the cost on a prescnt Y-Aluc basis
of opening Route 14S in 1990 would range from about $960 million •o $1.26 billion,
de-pending on the interest rate and tonnage. The 60 year level annual revenue icficiency
would 1,e $200 million to $5 15 million. (See Figure 111-6, and Table 111-3).

No analysis of the effects of increased transiting capacity on Route 14S was undertaken
because the minimul Route 14S capacity of 39,000) annual transits would be sufficient to
accommodate thc "potential" tonnage/25 percent freighter ca-;,:, mix until about the year
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TABLE 111-2
Route 10 - By-Pass Project

Net Revenues, and Net Rseenues
as a Percentage of Construction Cost,

Present Value in 1970.
(Dollars in millions)

Opening Date Net Net Revenues
and Revenues as % of

Discount Rate Cost

1990

6% $6 30%
9% 1 19

2000
6% $7 37%
9% 1 21

2010

6% $8 40%
9% 1 23

2020

6% $8 43%
9% 1 23

Notes:
t
Opening data is date the Route 10 channel would be opened. The by-pass would be opened in each case in 202!ý. The 60
yew analysis period begins with opening date of Route 10.

2Existinlg Panama Canal toll structure and rates.
3

tNo royalty.
4

Potential tonnage, 25 percnt freighter cargo mix projection.

2035, and the incremental revenues to be gained from construction of increased transiting
capacity would be lower than the incremental revenues attributable to a Route 10 by-pass.

Replacement of the Existing Lock Canal Facilities
"1he sea-level canal options have been examined on a comparative hasis with continued

operation of the existing lock canal. A consideration in the evaluation of alternatives is the
possibility that the locks of the existing canal may require major replacements at Jome
indetermia.1te time in the future. The fhregoing analyses have not included provision for this
contingency. If the existing lock canal should need mý,jor replacements during the period of

111-33



6% Discount Rate 9% Discount Rate
%%

100 100

Potential Tons

80 -80

60 - 60

40 40Low Tons--0

20 .20

1990 2000 2010 2020 1990 2000 2010 2020
"Opening Dates

Source: Table 11-3.

NET REVENUE AS PERCENTAG... OF CONSTRUCTION COST
Present Value Basis - R.,ute 14S

FIGURE 111-6

111-34



TABLE 111-3
Route 14S

Net Revenue as a Percentage of Construction Cost,
and Net Worth by Opening Date. Present Value in 1970.

(Dollars in millions)

Shipping Study Tonnage Forecast
Potential Tons Low Tons

Opening Date Revenue Average Revenue Average
and as % of Net Annual as % of Net Annual

Discount Rate Cost Worth Deficiency Cost Worth Deficiency

1990

6% 34% $-1,008 $200 1 $41,256 $249
9% 14 -956 485 9 -1,016 515

2000
6% 53% $- 401 $142 23% $- 659 $234
9% 24 - 357 429 11 - 417 501

2010

6% 77% $- 111 $ 71 28% $- 341 $217
9% 39 -122 347 14 -170 483

2020

6% 93% $- 18 $ 21 34% $- 177 $202
9% 50 - 42 283 18 - 69 464

Notes:
2Existing Panama Canal toll structure and rates.
2 No royalty.
3 Net revenue equals gross r an-sb attributable to tonnage in excess of the capacity of the existing canal plus cost savings

resulting from closing the samsting canal less cost of operating the Route 14S canal.
4 Average annual deficiency is the level annual revenue shortfall over the 60 year period of operation.

analysis, the present value net worth of the existing canal (See Figure 111-2) would be
reduced by the present value of the replacement costs, and the present value net worth of
the sea-level cana'l options (See Tables 1l1-1 and 111-3) would be correspondingly increased.
As indicated in Chapter 11, a cost of $800 million has been used for evaluation purposes.

Table 111-4 contains the present values in 1970 of the replacement expenditures,
assuming the replacement is begun in the year 2000, 2010, or 2020. The present value of
the replacement cost represents the reduction in the net worth of the existing canal, if major
replacement is proved to be necessary, and the corresponding increase in the present value
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TABLE 111-4
Cost of Replacement of Existing

Lock Canal. Present Value
in 1970. Millions of Dollars.

Year Replacement Discount Rate
Begins 9%

2000 114 45
2010 64 19
2020 36 8

net worth of the sea-level canal options. For example, if it is determined that the existing
canal will require major replacement beginning in the year 2010, the net commercial deficit
on a present value basis indicated in Tables III-I and 111-3 of the sea-level canal options
would be reduced by $19 million if a ý' percent discount rate is used.

Route 15
The Route 15 option would require continued operation of the existing lock facilities;

thus, there would be no operating cost savings. Taking into account the additional revenues
from the added capacity provided, the cost on a present value basis of opening the third lane
of locks in 1990 would range from about $370 million to $600 million, depending on the
interest rate and tonnage. (See Figure 111-7, and Table 111-5). This option, like continued
operation of the present canal, could involve a need to replace the existing lock canal
facilities.

Payout Analysis
In addition to the foregoing economic evaluation, which reflects the overall net

financial return to the United States, the Finance Stvdy Group also conducted a series of
payout analyses of the canal options. This a-;proach is more restricted than the economic
evaluation since it is directed to de' rmining the circumstances under which revenues
credited to an interoceanic canal operating agency would be sufficient to pay off costs
charged to the agency. The payout analysis illustrates the balance between revenues and
expenditures as it might appear on the books of an interoceanic canal operating agency over
the period of analysis.

The basic feature of this "bookkeeping" approach is the dedication of all rewvnues from
interoceanic canal transits to the '•vment of operation and maintenance costs, royalties,
and the amortization of debt attribuhed to existing and new facilities. This differs from the
previously described economic evaluation in wb;ch only incremental revenues were ,redited
to each canal option. The primary objective of the payout analysis is to illustrate
combinations of costs, interest rates, tolls, and roy~ilty payments charged to the operating
agency which would permit paying off the debt of the operating agericy after the new canal
has been in operation for 60 years. The variables considered included reimbursable

111-36



6% Discount Rate 9% Discount Rate

100 100

80 0- 80

Potential
Tons

60 60

40 40

Low Tons... .

20 20

0 0

1990 2000 2010 2020 1990 2000 2010 2020
\ Opening Dates '-

Source: Table 111-5.

NET REVENUE AS PERCENTAGE OF CONSTRUCTION COST
Present Value Basis - Route 15

FIGURE Ili-7

111-37



TABLE 111-5
ROUTE 15

Net Revenue ws a Percentage of Construction Cost,
and Net Worth by Opening Date. Present Value in 1970.

(Dollars in millions)

Shipping Study Tonnage Forecast

Opening Date Potential Tons Low Tons

and Revenue Average Revenue Average
Discount Rate as % of Net Annual as % of Net Annual

Cost Worth Deficiency Cost Worth Deficiency

1990

6% 20% $-486 $ 96 1% $-602 $119
9% 6 -372 189 -2 -403 204

2000

6% 47% $-179 $ 64 12% $-299 $106
9% 24 -127 153 4 -160 192

2010

6% 72% $- 53 $ 34 25% $-143 $ 91
9% 43 - 40 114 12 - 62 "176

2020

6% 77% $- 25 $ 28 37% $- 67 $ 76
9% 46 - 16 108 20 - 24 162

Notes:
'Existing Panama Canal toll structure ind rates.
2 No royalty.
3 Net revenue equals grosn revenue attributable to tonnage in excess of the capacity of the existing canal less the cost of
operating the third lane of locks on Route 15.

4 No provision for posible r•placement of existing locks.
SAverage annual deficiency is the level annual revenue shortfall over the 60 year period of operation.

construction costs, host-country payments, the "potential" and "low" tonnage projections,
the date for opening a sea-level canal (between 1990 and 2010), and toll rates between
$0.60 and $1.30 per cargo ton with adjustments at various dates. Unless otherwise specified,
the toll rate associated with all analyses comprising the payout analysis assumes an average
revenue of $0.884 per cargo ton regardless of cargo composition until the structure is
changed to produce different levels of revenue.

Variations of the general method were used to explore the effect of the following
factors on toll rates necessary to permit payout after 60 years of operation:
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1. The various canal options under consideration.

2. Separation of the costs and revenues of the sea-le el canal options from those of
the Panama Canal so that net revenues of the latter would not be available for
defraying construction costs of a sea-level canal until the sea-level canal is placed in
operation.

3. Combination of the costs and revenues of the canal options with those of the
Panama Canal, making net revenues of the latter available for defraying
construction costs.

4. Variation between the "potential" and the "low" tonnage projections of the
Shipping Study.

5. Variation of the date when the canal option is placed in operation.
6. Variation of the date when the tolls are changed from the assumed rate of $0.884

per cargo ton to the rate required to liquidate all costs of both the old canal and
the new option.

7. Variations in reimbursable cost.
8. Variations in the intereqt rate charged on reimbursable capital.
9. Variations in project transit capacity.
Detailed analyses for Routes 10, 14S, and 15 are contained in Appendix 1, Payout

Analysis. The remainder of this Section discusses the payout analyses pertaining to Route
10, and concludes with a summary comparing the canal options under consideration in
terms of toll rates which would be necessary in order for the books of the operating agency
to show payout after 60 years of operation of the new facilities under certain assumptions
as to costs and interest rates.

Route 10 - General
The financial circumstances most favorable for a sea-level canal on Route 10 have been

taken as the lowest toll rate which would permit liquidation of all debts after 60 years of
operation. These circumstances prevail when the costs and revenues of the existing canal are
combined with the costs and revenues of the new canal to permit defraying new
construction costs with net revenues from operation of the Panama Canal.

Generally, in order that Route 10 be self-liquidating after 60 years of operation, increases in
toll level over that now prevailing at the Panama Canal would be requiied. If tolls are
increased earlier rather than later, more revenue would be available for paying th. debts
incurred ii, constructing a new facility. Also, the earlier toll rates are increased, the smaller
the required increase in tolls, or the higher the return that could be realized on the
investment. Two dates for an increase in tolls have been examined, i.e., the date on which
construction on Route 10 is started and the date on which the new facility is placed in
operation. The earlier date is more favorable and is discussed further in this Chapter.

Net Panama Canal revenues available for paying for the construction of a new facility
are dependent on the volume of traffic-the greater the volume, the greater the net revenue
available. Since transisthmian canal traffic is projected to ;icrease continuously, the later
the new facility is constructed, the lower the required toll per cargo ton, or the greater the
rate of return on the investment. Figure 111-8 illustrates combinations of toll rates which
would permit payout after 60 years of operation and opening dates for a sea-level canal on
Route 10 at several interest rate levels, assuming toll rates are increased when construction is
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started. Combinations for both the "potential" and the "low" tonnage projections are
presented.

Cash Flows
Figures 111-9 and 111-10 illustrate the year-by-year changes in revenues, costs and debt

which would prevail, and the toll rates which would be required to permit payout after 60
years of operation, if Route 10 were constructed unoer a particular set of assumptions. The
assumptions and the reasons for selecting them are a- follows:

I. Costs and revenues are combined with those of the Panama Canal to permit using
net revenues of the latter to defray construction costs.

2. Toll rates are increased to $1.00 per cargo ton at the start of Route 10
construction to maximize net revenues which can be used to defray construction
costs.

3. Sea-level canal commences operation in 2000 to permit use of the Panama Canal
until its transit capacity is reached, and thus to maximize net revenues which can
be used to defray construction costs.

4. Six percent interest is charged, somewhat below current Treasury borrowing costs
but within the range of these costs in recent years.

5. Toll rates are changed after 10 years of operating experience (year 2010) to the
rate necessary to achieve payout after 60 years of operation.

Figure 111-9 shows that an average toll rate of $1.02 per cargo ton would be necessary
for the period after 2010 to permit payout after 60 years of operation under the
assumptions described above, if the low tonnage projection were to materialize. Figure 111-9
also shows that the accumulated debt would continue to increase some 25 years after start
of operation.

Figure 111-10 shows what might happen under the same assumptions, but with the
"potential" t;.inage projection. The figure illustrates that toll rates could be reduced to
$0.43 per cargo ton for the period after 2010 and still achieve payout after 60 years of
operation. The figure also shows that liquidation of debts would begin immediately upon
completion of the sea-level canal. Figure 11-l 1 illustrates the implications for self-
liquidating tolls if early completion (1 990) of the sea-level canal wer," deemed necessary. The
figure shows that a toll rate of $0.96 per cargo ton would be requiired from the start of
construction throughout the period of operation to permit payout 60 years after opening
even if the "potential" tonnage projection materialized. The figure also shows that the canal
debt would continue to increase for some 30 years after start of operation, to a peak more
than $2 billion greater than the debt when the canal orened.

Sensitivity of Self-liquidating Tolls to Reimbursable Costs
The costs which must be reimbursed from toll revenues might vary from the $2.88

billion presently estimated construction cost of a sea-level canal on Route 10 for a number
of reacons. These include the following:

I. The cost of the canal might change during the design stage because of the
additional foundation information which would become available from design stage
explorations.
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2. Part of the construction cost might be charged against presently unevaluated
benefits, thus reducing the amount to be reimbursed from tolls revenues.

3. Part of the construction cost might be determined to constitute a subsidy, reducing
the cost to be reimbursed from tolls revenues.

4. The channel size might be changed.
5. Treatment of present Canal investment might be altered.
An analysis was undertaken to determine th- effect of variations in reimbursable costs

on toll rates necessary to achieve payout after 60 years of operation at several interest rate
levels. The results of the analysis are shown in Figure 111-12. The computations are based on
the "low" tonnage projection and -he assumption that the sea-level canal would be opened
for traffic in 2000.

Figure 111-12 can be used in the following manner. Route 10, completed in 2000 at a
cost of $2.88 billion, would be self-liquidating after 60 years of operation at 6% interest rate
if a toll rate of $1.02 per cargo ton were charged from the beginning of construction and
maintained over the 60 year period of operation. (The line identified as 6% passes through
$2.88 billion as measured on the horizontal scale at a toll rate o,• $1.02 per cargo ton, as
measured on the vertical scale.) If reimbursable costs were determined to be one-half billion
dollars less for some reason, the corresponding toll rate would be $0.95 per cargo ton. (The
line identified as 6% passes through $2.38 billion as measured on the horizontal scale at a
toll rate of $0.95 per cargo ton, as measured on the vertical scale.)

Figure 111-12 may also be i'sed to approximate the effect of royalty rates differing
from the $0.22 per cargo ton used in the analyses. For example, tolls of $0.83 per cargo
toa, out of which royalties of $0.17 per cargo ton are paid, would have the same financial
effect as tolls of $0.88 per cargo ton as read on the figure from which royalties of $0.22 per
cargo ton are assumed to be paid.

Figure 111-1 3 furrishes similar information for the "potential" tonnage projection.

Recoverable Construction Costs, Route 10, -'t Panama Canal Toll Levels
Payout analyses can be used to determine the approximate portion of Route 10

construction costs which could be recovered at various interest rates and toll levels. The
amounts which could be ricovered using current Panama Canal toll rates are examined
below on the basis that the current tolls have not been changed materially since the Canal
w:-,s opened, and may also be resistant to future change. The values in Table 111-6 are taken
from Figures 111-12 and 111-13.

Sensitivity of Tolls to Transit Capacity, Route 10
The Engineering Feasibility Stidy indicates that the capacity of Route 10 is 38,000

transits a year unless operational methods not now considered safe can be adopted after
experience has been gainod in operating the sea-level can :1. ['he 38,000 transit capacity
would be exceeded in about year 2025 if the "potential" tonrnage forecast and 25% freighter
cargo mix were realized. The effect on self-liquidating tolls is shown in Table 111-7 for
various assumed peak transit capacities for Route 10.
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TABLE 111-6
ROUTE 10

Recoverable Conistruction Costs
at Current Panama Canal Toll Rates

(Dollars in Billions)

Construction Cost

Interest Rate Recoverable Unrecoverable
"Potential" tonnage projection'

6% $2.9 $0.0
7% 2.1 0.8
7.6% 1.62 1.3

"Low" tonnage projection 3

6% 2.0 0.9
6.7% 1.62 1.3

1 Baud on a toll rate of $0.777 per cargo ton on the vertical scale of Figure 111-13; corresponds to the 25% freighter cargo

mix.

2 Lower limit of reimbursable costs examined in the sensitivity studies.

3 Bead on a toll rate of $0884 per cargo ton on the vertical scale of Figure 111-12; corresponds to the 46% freighter cargo
mix.

Table 111-7
Self-liquidating Tolls for Route 10

as Affected by Transit (Capectly

Capacity, ; Self-liquidating
transits per year ; toll per cargo ton

39,300 and above $0.957
38,000 0.960
36,000 0.966
34,000 0.974

'Construction started in 1975, operation in 1990; potential tonnqe; rteyaltles $0.22 per cargo ton; 6% Intertat rats;

financing an extension of Panama Canal financing toll of $0.884 until 1975; project cost $218 billior.
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If sea-level canal operating experience shows that additional transit capa':ity cannot be
secured any other way, a by-pass could be provided at a cost cf $460 million. For the
"potential" tonnage 25 percent freighter cargo mix projection, the by-pass would be ready
.'or operation in 2025 after four years of construction. Figure 111-14 illustrates the changes
in cash flow if (a) toll levels were increased in 1975 to maintain payout date even if the
by-pass became necessary, and (b) toll levels were maintained at forn..er level and payout
date were '4elayed if the by-pass became necessary.

Ranking of Canal Options
One way of rbinking the canal options within the context of the "payout analysis" is by

the average equivalent tolls per cargo ton which would have to be charged to liquidate the
costs charged against that option after 60 years of operation. This ranking is shown in Table
111-8 which assumes a 6% interest rate, start of operation of each new construction option in
2000, and a change of toll rate from the assumed rate of $0.884 per cargo ton to the
required level at the start of construction of the option. The required tolls are given for both
the "low" and the "potential" tonnage projections. The tolls listed with the "low" tonnage
projmction are cor.sidered more relevant in this analysis. A similar analybis was not done in
connection with the "economic evaluation" since that analysis indicztes that none of the
sea-level canal options, nor the third lane of locks, prc.vides a net commercial return
sufficient to cover costs including amortization of the capital investment at a rate of interest
approaching current Federal Government borrowing costs.

TABLE 111-3
Canul Options Ranked by Self-Liquidating Tolls

Required Tolls per Cargo Ton'
Canal Option "Low" tonnage "Potential"

projection projection

Present canal improved as recommended $0.59 ,3 04•,
by Kearney

Present canal improved as recommended 0.852,3 0.782 ,3

by Kearney and existing locks re-
placed in 2000

Route 15 0.89314 0.70 ,41

Route 10 1.02 0.78
Route 14S 1.09 0.82
Route 15 with existing locks replaced 1.12'" 0.92•',

in 2fO0

Royaltim reach $0.22 per cargo ton In 1976, tolls change from $0884 per cargo ton at the sonrt of construction of the
canal vption, canal option in svice in 2000, financing of the canal option assumed an extaralon of that of Pananv,

Canal, and all debts liquidated with Interest at 6% aftar 80 w-ers of operation.
2 Required tolls after liquidating the cost of Kearney improvements and current dab on which Panama Canal Compeny

pays interest and including coat of Canal Zone Govrnment.
3Tug charges of $0.02 per cwgo ton added to values derIvd from anmlyses to make thaem comparable to those for sm-level

canal options.4 Cost of Canal Zone Government included.
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Chapter IV

METHODS OF FINANCING

General
The lack of financial attraction as a pur~Ay commercial enterprise need not necessarily

preclude construction of a sea-level canal. Many Federal capital projects do not generate
revenues adequate to cover their costs and, therefore, would not meet the test of
"economic" feasibility applied to the canal options in Chapter III. Rather, these projects
have be it justified by identifiable economic benefits, including benefits which produce no
revenb.es for the project. As mentioned earlier, such benefits have not been identified with
quantified values for inclusion in the economic evaluation of this Study. However,
consideration could be given, even if on a judgmental basis, to charging a portion of the cost
of new canal facilities against defense, foreign policy, and other objectives and benefits, thus
reducing the capital investment reimbursable from commercial revenues.

Similarly, absence of overall economic feasibility need not bar private or foreign
government participation in the project. However, questions of eventual ownership and
control could affect the form of such participation, the amount of necessary subsidies, and
the manner in which such subsidies were provided. Arrangements for financing, ownership,
and contr ! wcanld, of course, have to be carefully examined from the point of view of
protectinb Ihe financial interest of the United States, as well as its defense and foreign
policy interests.

Manner of Providing Subsidies
To ine extent necessary, Federal subsidies could be provided either as contributions

during the construction period or annislly over the economic life or amortization period of
the project. To the extent that subsidi.s are justified on defense, foreign policy, shipping, or
other grounds, proper accounting v.;,uld suggest that appropriations for the subsidies be
sought by and be rtflected in the budgets of the Federal agencies with primary
responsibilities for these areas.

Foreign Governnent Paticipation
It is not clear to what extent participation by foreign . avernments in the financing and

control of the project would be consistent with U.S. defense and foreign policy objectives.
Participation by foreign governments which are recipients of U.S. foreign aid would also
raise a question as to whether the effe-t of such participation would not ultimately be to
increase the amount of U.S. foreign aid otherwise required, resulting, in effect, in U.S.
Government financing but loss of control over the operations. x',rely economic and
financial considerations, however, would not appear to preclude, foreign government
particip'tion.
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Private Participation
a. By Users. Private canal users could be required to buy stock in a canal corporation.

The stock purchase requirement couid be related to the number of transits, with the
purchase price incorporated as a surcharge on the toll.

b. By Others. Stock in the canal corporation could be offered for sale to investors
generally, including private users and foreign governments. If this approach were taken,
however, it would appear necessary to increase the direct Federal subsidy in order to
pro',ide more adequate debt service coverage, offer U.S. Government gunrantees, or hold out
the prospect of attractive rcturns on equity. Alternatively, this approach might require a
higher tolls structurt.

Principal Alternatives
The considerable uncertainty regarding the economic and financial feasibility of the

project as evidenced by the wide range of assumptions discussed in Chapter III, the
questions raised above with regard to the consistency of private or foreign participa.-on with
the foreign policy and defense objectives, and the increased Federal subsidies which would
be required in order to attract private investors may suggest that control and operation of
the canal should be vested in an independent Federal agency. The Federal agency could be
financed either directly by the Federal Government or by the issuance of its own
obligations, with or without a guarantee by tne Federal Government.

Direct Federal Financing
Direct Federal financ ng could be accomplished by interest-bearing appropriations to

the canal agency oi by au thorizing the canal agency to borrow from the Treasury within
limits established In appropriation Acts. Under either form of direct Federal financing, the
enabling legislation should p~rovide broad authority for the establishment of tolls adequate
to meet the agency's financial commitments, and this authority" should not be limited to the
existing cargo carrying capacitr basis.

To assure proper accounting, tN. enabling legislation should require that charges for the
use of the canal be set at levels cal( oated to cover all costs of operating and maintaining the
canal, including depreciation, payment of interest on the Federal capital, and return of the
Federal investment over an appropriate amortization period, e.g., the 60 year period used as
a basis for the economic evaluation and payout analyses in this Study. If the agency is
authorized to borrow from the Treasury, the legislation could also limit the maximum
maturity of any obligation issued to the Treasury to a period not to exceed the balance of
the period of U.S. control. Under either form of direct Federal financing, iaterest and
scheduled principal paymrents could be deferred, but any payments so deferred should
themselves bear interest.

Federally Guaranteed Financing
The acceptability of the guarantee approach is dependent upon adequate revenue

coverage of the debt service. Enabling legislation should require adequate coverage, since the
guarantee should be a means primarily for facilitatias, thae market borrowing and for securing
a mor- favorable interest rate. That is, a gu. ,antee should be looked upon as a means for
assLI -,ng the marketability of the obligations and not as a disguised means for providing
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additional Federal subsidies of an undetermined amount. The lattei, would be the reult if
the projected debt service woverage allov,ed no margin for overestimation of reverrtnp or
underettimation of costs.

Although a Federal guarantee may ensure the marketability of t.le revenue bonds so
that the amount of coverage is not in portant from that viewpoint, some margin of coverage
is desirable to avoid frequent recourse to the guarantee. Moreover, adequate debt service
coverage will be reflected in a somewhat lower rate of interest on the market bo,-rowings
sinue investors may be reluctant to rely on a guarantee as the only security for their
investment. If a situation should develop, moreover, in which freq,4 ent recourse had to be
made to the Federal guarantee, this would likely be prejudicial to continued sound financing
of the canal and could also indicate a failure to establish appropriate tolls.

For these reasons revenue after depreciation or after charges against depreciation
allowancee -,hould be, as a minimum, one and one-half times debt service charges. In some
circumstances, it may be possible to reduce the coverage requirement in the earlier yedrs of
operation, for example. if a fairly rapid build-up to 1-1/2 times coverage should be indicated
by the financial projections. The margin could be used for financing a sinking fund bond
retirement mechanism.

A higher deht service coverage requirement has the eOfect of raising the nPt project cost,
and, therefore, would result in increasing the imme~iate amount of Federal subsidy needed.
The additional subsidies made necessary by the highey debt service coverage requirement, as
distinguished from the subsidy justified on defense, foreign po!icy, or other grounds, could
be provided in the form of direct Federal loans the repayment of which would be
subordinate to the repayment of the guaranteed obligations. In particular instances, an
unsatisfactory debt service coverage may be corrected to a limited degree by some extension
of debt amortization schedules. This could probably be accomplished at the present time
without any substantial increase in interest costs becaust changes in the interest rate curve
become increasingly flat in the long-maturity area. The alternatives, of course, are an increase
in the overall tolls structure, or in the amount of Federal subsidy. A relatively small increase
in subsidy could have a significant leverage effect on debt service charges.

The deb. service coverage requirement also implies the desirability of a call feature on
the revenue bonds after adequate provision for a sinking fond or reserve fund. Excess
revenues could then be applied to the early retirement of outstanding debt and thus shorten
the amortization period and reduce the overall interest cost to be borne by the project.

As an additional prerequisite for Federal guarantees, it would be necessary to
obtain certain "self-enforcing" financing arrangements; specifically, the enabling legislation
should grant the canal operating entity broad authority to set tolls at levels sufficient to
cover all costs including debt service. Any subsidies deemed necessary for particular types of
canal traffic should be provided by direct appropriations for this purpose to the interested
Federal agency, e.g., Department of Defense with respect to military vessels, Department of
Commerce (Maritime Administration) with respect to other U.S. flag vessels, Departmeat of
State with respect to foreign vessels.

It would be desirable to have funds immediately available to covcr the conti: ;',nt
liability assumed by the guarantees to avoid the risk of delays in meeting any liability. i his
could be done through advance appropriations, or by 3uthorizing the canal operating entity
to borrow from the Treasury in amounts sufficient to make good on the guarantee. In any
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event, Federal payments with respect to a guarantee should be treated as repayable advances
to the canal operating agency, and interest should be charged in accordance -.- 'h the current
market yields on direct Treasury obligations of comparable maturity. Enabling ,e 'islation
should vest in the Secretary of the Treasury authority to approve the is. u..IULc of debt
obligations by the canal agency. Such approval should extend to the amount. Iter.rt rates,
timing, other terms, and debt service coverage, in order to provide for the '-oordinat;,n of
the canal agency's borrowings with other Federal financing and to protei;t the finncial
interests of the United States under the guarantee.

Interest Costs Under the Two Alternatives
It has always been difficult to predict movements in market interest rates even over

;elatively short periods of time. Longer-run predictions-under some of the options canal
construction need not begin prior to 1990-are even more hazardous. Currently, interest
rates are at historic highs, and have risen with only minor interruptions for over a
generation.

On the demand side, a substantial backlog of unmet credit demand exists. State and
local governments alone in 1969 postponed or deftarcd about $3 billion of authorized debt
issues. While the amount of borrowing deferred by other borrowers has not been tabulated,
it is clear from the rate of new mortgage originations, for example, that individuals have
deferred a substantial amount of borrowing for housing purposes. To the existing backlog of
unfilled borrowings must be added potentiai future demands for credit. In the area of public
investment, an area in which needs are determined lar•,ly on the basis of considerations
other than economic and thus are less sensitive to interest rate movements, it is easy to
visuali7e a substantial demand for such debt-financed projects as environmental pollution
control , cilities, public housing, e(!ucatior., health, and public transportation facilities. In
view of the substantial current backlog and potential future demand, barring a deep
recession which it seems clear no Administration would allow to develop, it is difficult to
foresee any significant long run reduction in the demand for credit, either relatively or
absolutely.

On the supply side, the 5 year projections in the Budget and Economic Report appear
to indicate that the Federal Government will not be a significant net saver and supplier of
funds at least in the near future. Moreover, the increased stability of the economy, in terms
of freedom from significant recession, and the expansion of income maintenance programs
may well reduce the incentive for individuals to save, and could result in less than
proportionate increases in private savings as the economy expands.

In view of the foregoing, it is difficult to anticipate any significant secular reduction in
interest rates. Under current ma~ket conditions, taking into consideration the yields (.I
outstanding Treasury, Federal agency, and corporate obligations, the cost of direct Federal
financing of the canal project would appear to be approximately 8 percent, although rates
in the range (.f 6 - 9 percent might reasonably be considered. Sho-t-term market changes
may lead to some modification of this conclusion, but it is based largely on the secular
considerations previously described.

Federally guaranteed financing would require a higher ititerest rate than direct Federal
financing. Although a full Federal guarantee provides the same assurance of safety of
principal as the investor obtains in Treasury obligations, the investor must also look to the
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strength of any legal assurance of timely payment, loss of liquidity because of the thinness
of the market, and other factors. Under current market conditions, a Federal agency well
established in the market could expect to borrow at a rate approximating one-half of
one percent over the Treasury borrowing rate. Moreover, experience with existing programs
indicates that investors in guaranteed issues also look to the underlying viability of the
project or program being financed. The uncertainties surrounding the viability of the canal
project, the long period from the initiation of construction to the beginning of significant
payment, and the above-mentioned marketing considerations suggest that an interest rate
approaching 9 percent would be required for Federally guaranteed financing.

It is not obvious that any advantage claimed for Federally guaranteed financing would
be sufficient to justify the higher cost of financing under this method. It is sometimes
argued that a project should be financed by issuing its own obligations in the market in
order to assure that the project meets the "test of the market." If direct Federal subsidies
are required in any event, however, the "market test" argument loses some of its force.
Moreover, the higher financing costs would require greater Federal subsidies, or could result
in the need for direct Federal subsidies to otherwise marginally self-supporting canal
options.

Attempts have been made to justify the higher financing costs of agency market
borrowing in terms of additional "flexibility", usually meaning freedom from the statutory
ceiling on the public debt and from budget controls. Under current budget accounting
rules, outlays by Federal agenc,: - from the proceeds of obligations issued in the market are
counted as Federal outlays in the .. 'idget, and it would be difficult to argue that the canal
project should be exempted from the normal budget review process. On the other hand, the
so-called "market test" may be the most effective mechanism for assuring that the financing
of the canal does not become a heavier burden on the general taxpayer than intended at the
time the decision is made.
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Chapter V

CONCLUSIONS

The following are the major conclusions derived from this Study:
I. Long-range estimates of potential revenues, construction costs, operating expenses,

and interest rates are tenuous and subject to unforeseeable changes.
2. If viewed as a commercial enterprise (e.g., within the context of the economic

evaluation in this Study), in which a new canal option is considered as an
incremental development to the existing transisthmian canal facilities and only
those revenues associated with traffic beyond the capacity of the existing Panama
Canal are considered in the evaluation, investment in a sea-level canal or a third
locks option cannot be justified.

3. If subjected to a more limited type of financial analysis (e.g., the payout analysis
contained in this Study), in which total interoceanic revenues are dedicated to the
payment of operation and maintenance costs and amortization of the construction
debt of new transisthmian canal facilities, the costs of a sea-level canal or a third
locks option could be amortized by tolls revenues under certain conditions, even if
the "low" tonnage projection were to materiatize. These include the following:
combining the financing of the sea-level canal with that of the Panama Canal,
initiation of construction no earlier than 1985, a moderate increase in toll rate for
the existinZ canal upon initiation of c'rnstruction, and charging the canal operating
agency interest at a rate below the c,'rrent cost of Treasury borrowing.

4. Financial and other considerations indicate that responsibility for construction and
operation of a sea-lLtel canal should be vested in an independent agency of the U.S.
Gov.rnn-.nt whic'h shculd be financed directly by the Government.

5. The payout analysis includes basic considerations for development of an outline
financial plan. However, development of a detailed financial plan for new canal
facilities rniust await implementing decisions reflecting such matters as treaty terms,
possible revisions in the tolls system, znd financing arrangements.
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Appendix 1

PAYOUT ANALYSIS

Purpose
This Appendix presents the detailed results of analyses of cost and revenue data which

were undertaken in order to illustrate combinations of assumptions under which the costs of
a new interoceanic canal could be amortized after a period of 60 years of operation. The
analyses are based on assigning total interoceanic revenues to the payment of operation and
maintenance costs, royalties and the amortization of debts attributed to existing and new
facilities. Panama Canal revenues, operation and maintenance costs, improvement costs, and
the debt on which interest is paid to the United States Treasury are considered in the
analyses. This Appendix contains the detailed studies referred to under "Payout Analysis"
in Chapter III. It does not include consideration of the "Economic Evaluation" described in
the same Chapter.

Method
The analyses consist essentially of synthesizing a year-by-year bookkeeping operation

extending from the start of design and construction (or earlier) and ending 60 years after
initiation of operation of the new canal facilities. All the basic information presented in
Chapter II on cost• and revenues are reduced to annual values for purposes of the analyses.
Two basic statements define the bookkeeping as follows:

The debt at the end of the year equals the debt at the beginning
of the year plus the cost of capital improvement during the year,
and annual interest; less the remainder from gross revenues after
payment of royalty, operation and maintenance costs, and any
major replacement.
Annual interest during the year equals the debt at the beginning
of the year times the interewt rate for the whole year, plus the
cost of capital improvement during the year times the interest
rate for one-half of the year.

Not all of the expenditures mentioned in the foregoing statements occur in every y,ýa of the
analyses.

The analyses determined the tolls after payment of royalty that would p. mit paying
off all debts with interest at various assumed rates after the new facilities had lte.n in
operation for 60 yeais. The general method was varied as necessary to explore the effect of
the following on toll rates necessary to permit payout after 60 years of operatiora:

1. The various canal options under consideration.
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2. Separation of the costs and revenues of the sea-level canal options from those of
the Panama Canal so that net revenues of the latter would not be available for
defraying construction costs of a sea-level canal until the sea-level canal is placed in
operation.

3. Combination of the costs and revenues of the canal options including Route 15 and
its locks with those of the Panama Canal, making net revenues of the latter
available for defraying construction costs.

4. Variation between the "potential" and the "low" tonnage projections of the
Shipping Study.

5. Variation of the date when the canal 'jption is placed in operation.
6. Variation of the date when the tolls are changed from the assumed rate of $0.884

to the rate required to liquidate all costs of both the existing canal and the new
canal option.

7. Variations in reimbursable cost.
8. Variations in the interest rate charged on reimbursable capital.
9. Variations in project transit capacity.
The analyses were programmed for solution by automatic data processing equipment.

This permitted rapid solution of any given set of conditions to determine the payout date
with a trial toll rate. The computations were repeated until the toll rate which permitted
payout in 60 years was solved directly or could be interpolated. The program permitted
various inputs to reflect the variations enumerated in the previous paragraph. The output
could be varied according to the objective of the computation.

Under the existing Panama Canal toll assessment system, tolls are levied on the basis of
cargo carrying space or ship displacement and not on the basis of cargo tonnage actually
carried. in this Appendix, projected interoceanic revenues are expressed in terms of toll
rates or dollars per cargo ton as an analytic and expository expedient for relating revenues
to proj,•cted cargo tonnages. This procedure involves the use of a constant toll rate over the
period of analysis regardless of changes in the proportion of cargo carried in freighters, dry
bulk carriers and tankers. Under the existing Panama Canal toll assessment system, in
contrast, if the Shipping Study potential tonnage, 25% freighter cargo mix forecst
materializes revenue per cargo ton would decrease from the current rate of $0.884 to
$0.777 per cargo ton in the year 2000 as the proportion of freighter cargo declined from the
current 46% to 25%. Use of this analytic and expository expedient in this Appendix should
not be interpreted as advocacy of a change in the existing toll assessment system.

Appendix Presentation
The results of the studies are presented, with minor exceptions, on three types of

display sheets entitled as follows:
I. "Toll Per Cargco Ton vs. Canal Opening Date." Separate curves of this type are

presented for Routes 10, 14S and 15, for financing separated from that of the
Panama Canal and combined with it, and for toll rate change dates at the start of
operation of the canal option and the start of construction of the canal option.
Each sheet has curves for the two projections of transisthmian canal cargo tonnage.
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2. "Cash Flow Analysis." These sheets are used to demonstrate the variations with the
years of annual revenues, annual operation and maintenance cost, annual royalty,
and net revenue available for debt service; annual construction cost; and the
accumulation of debt during construction and liquidation after 60 years of
operation. Curves are shown for Routes 10, 14S and 15 for selected conditions. An
interest rate of 6% is used on all curves of this type,

3. "Sensitivity of Toll to Project Cost." Individiual curves are presented for Route 10
for "low" and "potential" tonnage projections, for completion dates of 1990 and
2000, and for two toll rate changing dates, at several interest rate levels.

This Appendix discusses first the effects of separating or combining the financing of the
sea-level canal options from the revenues, costs and debts of the Panama Canal. This is
followed by a discussion of Route 10 in considerable detail with references to curves as
appropriate. Route 14S is then discussed at less length because the analyses are similar to
those for Re'ite 10. Route 15 comes next, followed by a discussion of continued operation
of the Panama Canal. The last analysis compares the various canal options on the basis of
tolls which would have to be charged to make the options self-liquidating after 60 years of
operation. The Appendix concludes with a summary.

Financing Separated or Combined with That of The Panama Canal, Route 10
The most favorable circumstance for amortizing the costs of the various canal options

has been taken as the lowest toll rate which would permit liquidating all debts after 60 years
of operation, assuming a particular interest rate. The tolls required with the "low" tonnage
projection are considered more relevant than those with the "potential" projection. The
most favorable conditions prevail generally if the financing of the canal option were
combined with the revenues, costs and debt of the Panama Canal rather than being
considered separately from the revenues and costs of the Panama Canal. This is illustrated in
Figures Al-I and AI-2 and Table Al-I.

The advantage of combined financing results from the fact that net revenues from the
operation of the Panama Canal can be used effectively to defray the construction costs of
the new canal option. This advantage does not occur with early (1990) completion of Route
10 because the Panama Canal Company debt and the cost of the improvement program'
would not have been liquidated by the time construction of Route 10 would be completed.
(See Figure AI-28). This is reflected in the higher tolls under combined financing than for
separate financing in connection with the 1990 completion date shown in Table Al-I. Early
completion of Route 10, however, is not favorable because interest rates of 6% or more
cannot be supported with the "low" tonnage projection within the $1.30 upper limit used
on toll rates for this study.

On the basis of the foregoing, no further consideration is given in the succeeding
discussions to financing which separates the revenues and costs of the Panama Canal from
those of the canal options.

Recommended in "Impovement Program for th-. Pananau Canal, 1969" by A. T. Kearney and Company, Inc.
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TABLE Al-i
ROtUTE 10

Self-liquidating Toll,
Financing Separate and Combined

with Panama Canal

Toll per cargo ton
Year Route 10 Interest Tonnage Financing

opera rate projection Separate' Combined 2

1990 5 Potential $0.81 $0.82
1990 5 Low 1.20 1.24
2000 5 Potential 0.70 0.60
2000 5 Low 1.10 0,96
2010 6 Potential 0.70 4

2010 6 Low 1.12 0.81

INet revenues of Panama Canal not available for defraying construction coat of Route 10. Operation of Panama Canal

stopp•d on completion of Route 10 and all revenues from translsthmlan traffic accruing to Route 10 aftar that time.
sNst revermuse of Panama Canal &valeoble far defraying construction cost of Route 10. Same as (1) on completion of

Route 10.
3 Hiest interest tre which con be compared from Figures Al-i and AI-2.

'Value is em then the lower limit of $0.60 shown on Figures Al-I and A1-2.

Other Analyses, Route 10
Toll Change Date.
Tolls, if set in accordance with the "low" tonnage projection, would have to be

increased from the current levels to defray all costs within 60 years of operation of the new
canal option. The advantage of using net Panama Canal revenues to defray construction
costs would be enhanced the earlier the Panama Canal tolls are increased. Also, the earlier
the toll rate change is made the less the required increase. Figure AI-2 assumes that toll
rates are changed when Route 10 is placed in operation. Figure A 1-3 assumes that toll rates
are changed when construction of Route 10 is started or 15 years before it is placed in
operation. Table AI-2 compares these two figures.

It will be noted that in the cases where toll rates can be lowered from the $0.884
assumed to prevail before the toll rate change date, the late change will produce the lower
self-liquidating toll. This is explained by the fact that the early change spreads the toll rate
change over a longer period of time and thus makes a smaller toll rate change necessary.
With a lowering of toll rates, the early change results in a smaller lowering and,
consequently, a greater toll rate than would be the case with the late toll rate change.

Cash Flows, Route 10
Figures AI-4 through AI-7 are cash flow diagrams i.lustrating the status of the canal

books, assuming 6% interest. Figure AI-4 shows what might happen if "potential" tonnage
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TABLE A1-2
ROUTE 10

Effect on Self-liquidating Tolls
of Various Toll Change Dates

Toll per cargo ton
Year Route 10 Interest Tonnage Toll change date

opens rWI projection Eatrly' Late'

1990 6% Potential $0.94 $1.00
1990 6% Low 1.19 3

2000 6% Potential 0.75 0.71
2000 6% Low 1.03 1.20
2010 7%4 Potential 0.64 5
2010 6% Low 0.83 0.81

1 
Toll chang6d when contructlion of Route 10 Is started. Toll amumed at $0.884 per cargo ton until that date.

2
Tolt changed from $0.884 per cargo ton when Route 10 is pieced in operation.

3
More than $1.30.

47% selected to show the differ'nces.
5 Leo ther $0.60.

growth prevailed and Route 10 were placed in operation in 1990, at which time the toll
rates were changed to the level required for all debts to be liquidated by 2050. The required
toll rate would amount to $1.00 per cargo ton. The maximum canal debt, about $6.8
billion, would be reached about year 2017. Also shown in Figure AI-4 are the effects on
canal debt of changes in interest rates and toll rates. If toll rates were $0.10 higher than that
required for self-liquidation, payout would occur about 21 years earlier. An increase of 0.5%
in interest rate or a $0.10 decrease in toll rate would cause the debt to increase
exponentially with no payout.

Figure AI-5, when compared with Figure A1-4, sLows the effect which a delay in
completion date to year 2000 has on tolls and debt. The comparison is made in Table
AI-3.

TABLE A1-3
Route 10

Comparison of Early
and Late Completion Dates

Completion Date
Item 1990 2000

Self-liquidating toll'
per cargo ton $1.00) $0.71

Peak debt in billions $6.8 $4.3

Tolls changed from eseumed 60864 to the self-liquideting toll when Route 10 is pieced in service. ft interest. potential

tonnage.
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ROUTE 10 CASH FLOW ANALYSIS

FIGURE A1-5

111-A-10



Figure Al-6, when compared with Figure AI-4, shows the effect which the date on
which toll rates are changed has on tolls and debt. The comparison is made in Table Al-4.

TABLE A14
ROUTE 10

Comperison of Early
and Late Toll Change Date

Toll change date
Item 1975' 1990 2

Self-liquidating toll3

per cargo ton $0.96 $100
Peak debt in billions $8.5 $6.8

1Start of construction.
3Start of operation.
3

Tolls prior to chawng aumed at $028',, interest 6%, potential tonnqap.

Figure Al-7, compared to Figure A1-4, shows the effect of both late completion date
and early toll rate change on tolls and peak debt. The comparison is made in Table A1-5.

TABLE A1-5
ROUTE 10

Comperison of Early Completion Date
and Laou Toll Change Date with Late Completion

Date and Early Toll Change Date

1990 completion 2000 completion
deteand 1990 date and 19 5

Item toll change date toll change date

Self-liquidating toll'
per cargo ton $1.00 $0.78

Peak debt in billions $6.8 $6.1

t
Toll prior to dhnp amsumed at $0.84, Intreat 6%. potattal onnlp.

The studies to this point indicate that delaying the date of construction has a greater
effect on reducing self-liquidating tolls than changing the toll rate at an early date. The latter
factor lowers self-liquidating tolls only if it is necessary to increase toll rates from the
$0.884 level asst med prior to the toll rate change.
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Figures AI-8 and AI-9 illustrate the effect on cash flows for "potential" and "low"
tonnages of using toll yield as $1.30 per cargo ton. This approximates the upper limit of
tolls presented in the Shipping Study. The figures assume that construction of Route 10 is
started in 1975 at which time toll rates are increased to $1.30 per cargo ton. The sea-level
canal is assumed to commence operation in 1990. With "potential" tonnage, the peak debt
is about $2.9 billion and payout occurs after 17 years of operation. With "low" tonnage, the
peak debt is about $2.8 billion and payout is after about 30 years of operation.

Since the Shipping Study indicates that the "low" tonnage projection is as likely as the
"potential" projection, it would be prudent to base toll rates on the former. Figure Al-10
illustrates cash flow if tolls were set on this basis, and if the "loby" tonnage projection
materializes. A late inservice date (2000) and an early toll rate change date (1985, at the
start of construction) were selected to secure the most favorable conditions financially. The
required toll rate is $1.02. The debt peaks at about $3.6 billion after 25 years of operation.

Figure AI- I illustrates cash flow for approximately the same case as in Figure AI-l10,
except that the "potential" tonnage projection is used. The conal debt peaks at about $2.5
billion when Route 10 is placed in service and declines rapidly afterward. Payout would
occur in about 15 years. Figure AI-I 1 illustrates that payout would be extended to about
60 years after start of operation if toll rates were reduced to $0.43 in 2010.

Sensitivity of Peak Debt to Toll Rates and Opening Dates, Route 10
Table A1-6 and Figure AI-l 2 illustrate the implications for the peak debt associated

with a sea-level canal on Route 10 operated in conjunction with the Panama Canal for
several combinations of toll rates and opening dates for the sea-level canal.

Sensitivity of Self-liquidating Tolls to Reimbursable Costs, Route 10
The cost to be reimbursed from toll revenues might differ from the $2.88 billion

presently estimated construction cost of a sea-level canal on Route 10 for a number of
reasons. These include the following:

1. The cost of the canal might change during the design stage because of the
additional foundation information which would become available from design stage
explorations.

2. Part of the construction cost might be charged against presently unevaluated
benefits, thus reducing the amount to be rein- ursed from toils revenues.

3. Part of the construction cost might be determined to constitute a subsidy, reducing
the cost to be reimbursed from tolls revenues.

4. The channel size might be clunged.
5. Treatment of present Canal investment might be altered.
Analyses were undertaken to determine the effect of variations in reimbursable costs on

toll rates necessary to achieve payout after 60 years of operation at several interest rate
levels. Table AI-7 lists the basic assumptions for Figures Al-13 through AI-18, which
present the results.

The figures can be used as described below for Figure AI-13. Route 10, completed in
2000 at a cost of $2.88 billion, would be self-liquidating after 60 years of operation at a 6%
interest rate if a toll rate of $1.02 per cargo ton were charged from the beginning of
construction and maintained over the 60 year period of operation. (The line identified as 6%
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TABLE A1-6
ROUTE 10

Estimated Peak Debt for a Swa-Level Canal
on Route 10 Operated in Conjunction with

the Panama Canal
(Billions of dollars)

Toll per Low Tonnage Forecast Potential Tonnage Forecast
cargo ton Canal Opening Data Canal Opening Date

1990 1995 2000 1990 1995 2000
$0M 585.6* 382.2* 225.5* 303.8* 102.9" 4.4

0.90 419.60 246.5* 116.1" 87.4* 4.9 3.3
1.00 253.6* 110.8* 6.8* 5.2 3.6 2.7
1.10 87.5* 3.6 2.6 3.9 3.1 2.2
1.20 3.6 2.7 2.2 3.3 2.7 1.6
1.30 2.8 2.3 1.7 2.9 2.2 1.1

*Will not payout within 60 yVrs of operation. Debt shown in debt in yaw 2080. end date of cornputations.
I Coral financing assumed an extension of that of Panama Canal with a 1970 debt of $317 million.2Toll of $0.884 per c*a ton assumed until conal construction is startad.
3 1ntwest rate is 6%.4 Pansma Canal usumad on standby for ton yers, Wd then In mothballs.
5 Route 10 cost is $2.88 billion.
6 Royalty reaches $022 in 1976.

TABLE A1-7
ROUTE 10

In-Service Toll Change
Figure Projection Date Date

A1-13 Low 2000 1985
A1-14 Potential 2000 1985
Al-15 Low 1990 1990
A1-16 Potential 1990 1990
Al-17 Low 1990 1975
Al-18 Potential 1990 1975
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ROUTE 10 CASH FLOW ANALYSIS
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NOTES:
1. Route 10 construction schedule isa laumed.
2. Royalty rate is $0.22 per cargo ton.
3. Sea -level canal is opened in 1990.
4. Payout is ;n 2050.
5. Low tonnage and 46% mix are assumed.
6. Canal financing assumed an extension of that of the Panama Canal with a debt of $317 million in 1970.
7. Toll of $0.884 per cargo ton assumed until ua-level canal opens.
8. Panama Canal assumnd on standby for 10 years and in mothballs thereafter.
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passes through $2.88 billion as measured on the horizontal scale at a toll rate of $1.02 per
cargo ton, as measured on the vertical scale). If reimbuisable costs were determined to be
one-half billion dollars less for some reason, the comparable toil would be $0.95 per cargo
top.. (The line identified as 6% passes through $2.38 billion as measured on the horizontal
scale at a toll rate of $0.95 per cargo ton, as measured on the vertical scale).

Figures Al-13 and the others may also be used to approximate the effect of royalty
rates differing from the $0.22 per cargo ton used in the analyses. For example, tolls of
$0.83 per cargo ton, out of which royalties of $0.17 per cargo ton are paid, would have 'he
same financial effect as tolls of $0.88 per cargo ton as read on the figure from which
royalties of $0.22 per cargo ton are assumed to be paid.

Recoverable Construction Costs, Route 10, Panama Canal Toll Levels
Figures Al-13 through Al-18 can be used to determine the approximate portion of

Route 10 construction costs which could be recovered at various interest rates and toll
levels. The amounts which could be recovered using current Panama Canal toll rates are
examined below on the basis that the current tolls have not been changed for a long time,
and may also be resistant to future change. The values in the following Table AI-8 are taken
from Figures A1-13 and Al-14.

TABLE Al-8
ROUTE 10

Recoverable Construction Costs
at Current Panama Canal Toll Rato

Construction Cost in Billions
Interest Rate Recoverable Unrecoverable

"Potential" tonnage
projection'
6% $2.9 $0.0
7% 2.1 0.8
7.6% 1.62 1.3

"Low" tonnage projection3

6% 2.0 0.9
6.7% 1.62 1.3

Based on atoll rate of $0.777 per cargo ton on the vertical cale of Figure A1-14; c@rresponds to the 25% freighter
cargo mix.

2
Lower limit of relmbujrmble costa examined in the sensitivity studies.
Blaaad on a toll rate of $01184 per cargo ton on the vertical eale of Figure A1-13; corramponds to the 48% freghter
cargo mix.

Sensitivity of Tolls to Transit Capacity, Route 10
The Engineering Feasibility Study indicates that the capacity of Route 10 is 38,000

transits a year unless operational methods not now considered safe can be adopted after
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experience has been gained in operating the sea-level canal. The 38,000 transit capacity
would be exceeded in about year 2025 if the "potential" tonnage growth and 25% freighter
cargo mix were realized. Studies were undertaken to determine the effect on self-liquidating
tolls if transit capacity were found to be less than the 39,300 transits a year projected for
the period after 2040 with the "potential" tonnage projection. The results of the study are
shown graphically in Figure Al-19 and in tabular form in Table AI-9. The effect on
self-liquidating tolls is small.

TABLE A1-9
ROUTE 10

Effect of Transit Capacity
on Self-liquidating Tolls

Capacity, Self-liquidating
Transits per Year Toll per Cargo Ton'

39,300 and above $0.957
38,000 O.960
36,000 0.966
34,000 0.974

t Route 10 ,pens in 1930 and pays out in 2060. Intuuet •6. Potentil tonnqe and 25% mix. Tols chang. from
assumed $0184 in 1975 at the start of conar.uctlon.

If canal operating experience shows that additional transit capacity cannot be secured
any other way, a bypass could be provided at a cost of $460 million, after four years of
construction. For the "potential" tonnage growth, 25% freighter cargo mix, the bypass
should be ready for operation in 2025. Figure Al-20 illustrates the changes in cash flow if
(a) tolls were changed in 1975 by the amount necessary to maintain payout date, and (b)
tolls were maintained at the former level and pa.,out date were allowed to change. Table
AI -10 summarizes the results.

TABLE Al-10
ROUTE 10

Effects of a Bypass

Toll per Peek Debt, Year of
An&Wsi Cargo Ton Billions Payout

Without bypass' $0.957 $6.5 2050
With bypass 0.957 6.7 2055
With bypass 0.963 6.4 2050

t start Rouie 10 construction and inass tolls from $OD84 per cow ton in 1975. Start operation in 1990. Start
bypm oprmtlon in 2025.6% intot. Potential wnnap.
SAwuming Route 10 without a bypu has a capacity exceeing 30,300 tVnits year.
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If tolls were set according to the "low" tonnage projection, the higher toll rates would
automatically provide the needed funds for construction of additional facilities should rapid
growth of traffic make them necessary. The additional funds available from this procedure
would exceed the amounts shown to be necessary by the preceding analysis.

The Panama Canal presents an alternative method for providing additional transit
capacity if needed. The effect on tolls would probably be less than discussed above for the
bypass case.

Route 14S
Figures Al-21 and Al-22 show the influence of canal opening date on tolls per cargo

ton at various interest rates. The former figure assumes tolls to be changed when Route 145
is opened for service, and the latter, when construction is started. The curves show the same
characteristics as the curves for Route 10, i.e., with self-liquidating tolls greater than $0.884
per cargo ton, lower tolls will result with the early toll rate change date. For example, with
an early toll rate change, an in-service date of 2000, "low" tonnage and 6% interest,
self-liquidating toll rates would amount to about $1.09 per cargo ton. (See Figure AI-22)
With the late toll change date the required tolls would be more than the $1.30 per cargo ton
used as the upper limit to toils in these studies. (See Figure A1-21)

The greater cost and longer construction period of Route 14S would require a higher
toll and result in a greater peak debt than Route 10 ujnder the same conditions. Figure
Al-23 shows cash flows for Route 14S under the same general conditions as Figure Al-4 for
Route 10. The two figures are compared in Table Al-I I.

TABLE Al-11

Compaishon of
Routs 10 and 14S

Route 10 14S

Cost, billions $2.88 $3.04
Construction period, years 14 16
Self-liquidating toll, per canjo ton' $1.00 $1.10
Peak debt, billions $6.8 $7.9

Start operantion @#nd chan tolls hrm $0.884 in 1990. Internst %. "'osmntialr tonnage.

Route 15
Figures A 1-24 and AI-25 show the influence of canal opening date on toll per cargo ton

at various interest rates. The former assumes toll rates to be changed when the deep draft
locks are opened for service, and the latter, when construction of the locks is started. The
curves show the same general characteristics as similar curves for Routes 10 and 14S, i.e.,
with self-liquidating tolls greater than $0.884 per cargo ton, lower tolls will result with the
early toll rate change date. For example, with the early toll rate change date, an in-service
date of 1990, "low" tonnage and 6% interest, the self-liquidating toll would amount to
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$1.02 (Figure Al-25). With the late toll rate change date (Figure AI-24), the required toll
would be $1.10.

Figure AI-26 shows the cash flows for the same conditions as shown on Figure A1-4 for
P.oute 10 and Al-23 for Route 14S. Figure Al-27 is a modification of the figure preceding
it in that the present locks are assumed to require replacement by 2000. This date probably
represents the earliest date at which replacement would be required, if at all. The 35,000
annual transit capacity of Route 15 is indicated on Figures Al-26 and Al-27 by the break in
the revenue curve at about the year 2015.

The lower first cost of Route 15 permits lower tolls and lower peak debts, even if
replacement of the present Panama Canal locks were required by 2000. The sea-l-el 1: rial
options and the lock canal options are compared in Table AI-12.

TABLE A1-12
Comparison of Sea-Level and

Lock Canal Options

Route Sea-Level Canals Lock Canals

10 14S 15 15
Panama Canal locks

replaced I 1 No Yes
Cost, billions $2.88 $3.04 $1.53 $2.332

Self-liquidating toll'
per cargo ton $1.00 $1.10 $0.83 $0.91

Peak debt $6.8 $8.9 $3.8 $4.4

I Not applicable.
2$1.53 billion for Route 15 construction plus $800 million to replace Panama Canal locks,
3
Start operations of uach option and change tolls from $0.884 in 1990 Interast 6%. Potential tonnage.

Continued Operation of The Panama Canal
Continued use cf the present Paaama Canal, improved as recommended in the Kearney

Report, is a possible alternative to the sea-level canal and lock canal options. Because of its
size limitation to 65,000 DWT ships and its capacity limitation of 26,800 transits a year, it
is not comparable to the other options under consideration.

The finances of continued operation of the Panama Canal under the Panama Canal
Company and including a Canal Zone Government at its present size has been examined
using a toll rate of $0.884 per cargo ton for both the "potential" and the "low" tonnage
projections, and $0.884 declining to $0.777 per cargo ton in year 2000 for the "potential"
tonnage projection.' Even under these more costly operating assumptions than were used
with the sea-level canal options, the current debt on which the Panama Canal Company pays
interest and the cost of the Kearney improvements would be paid off at a relatively early

2Estinmted in the Shipping Study ud"ng pmant Panama Canal toil structure and level. The ,ecine inyield per cargo ton with

the "potential" tonnage projection is a remit of the dedine in the percentage of cargo suurned to be cand in freighter
from 46% in 1970 to 25% in 2000.
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date. Figure A1-28 shows how this date would vary with different interest rates. After the
debt is paid off, a toll somewhat less than $0.60 per cargo ton (depending on the tonnage
projection) would cover cost of operation and maintenance.

One financial advantage of the Panama Canal is apparent at this point. The Panama
Canal, even with its more expensive operating organization, and paying interest at a greater
rate then at present, would be debt-free sometime before 2000 while the sea-level canal
options would not be free until 2060 if built under the most favorable circumstances
including higher tolls.

Figure Al-29 develops this advantage further in that it shows the excev! of revenues
over •ozs c•' 2050, assuming various interest rates and "low" and "potential" tonnages.
Also shown are the present values of these excesses. The values on this figure are comparable
to zero accumulation and zero present value of Routes 10 and 14S if completed in 1990 and
if substantially greater tolls were charged.

Ranking of Canal Options
One way of ranking the major canal options considered within the context. of the

"payout analysis" is by the toll per cargo ton which would have to be charged to liquidate
the costs charged against each option after 60 years of operation. This ranking is given in
Table Al-I 3 which assumes a 6% interest rate, start of operation of each new construction

TABLE A1-13

Canal Options Ranked by
Self-Liquidating Tolls

Required Tolls per Cargo Ton'

"Low" Tonnage "Potential"
Canal Option Projection Projection

?resent canal improved as recommended $0.59203 $0.492 ,3

by Kearney
3:esent canal improved as recommended 0.852,3 0.782 ,3

by Kearney and existing locks replaced

in 2000
Route 15 0.893 4 0.703 ,4

Route 10 1.0W 0.78
Route 14S 1.09 0.82
Route 15 with existing locks replaced 1.12 3,1 0.92' '

in 2000

1 Royalties reach $0.22 per cargo ton in 1976, tolls chanp from $0.884 per carp ton at the start of construction of the

canal option, canal option in srvice in 2000, financing of the canal option assmend an extension of that of Panama
Canal, and all debts liquidated with interest at 6% after 60 years of operation.

2 Required tolls after liquidating the cost of Kearney improvements and current debt on which Punama Canal Company
,pays interest and including cost of Canal Zone Government.

Tug charps of $0.02 per cargo ton added to values derived from anal/ses to make them comparable to thou for
ma-level canal options.

4 Cost of Canal Zone C.ovemneunt included.
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option in 2000, and a change of tolls from the assumed $0.884 per cargo ton to the required
level at the start of construction of the option. The required tolls are Eiven for both the
"low" and the "potential" tonnage projections.

Summary
The results of the work described in thi3 Appendix aze summarized as follows:

1. The least expensive way to provide for tranuistnmian traffic consists of continuing
the operation of the Panama Canal even though the canal will not meet the needs
of ship size or annual transit capacity in the future.

2. The Panama Canal would provide the least expensive, though limited, service even
if it were found necessary to replace the existing locks by the year 2000.

3. Route 15 would provide the next least expensive service, provided the existing
locks need not be replaced. If the present locks require replacement by 2000, the
sea-level canal options would provide less costly service.

4. Route 10 would provide less costly service than Route 14S, but more costly than
the previously mentioned lock canal options except Route 15 if the present
Panama Canal locks must be replaced in 2000.

5. Self-liquidating financing of Route 10 based on the "low" tonnage projection

appears possible. One possible set of circumstances consists of the following:

(1) Route 10 financing an extension of that of Panama Canal.

(2) Start construction and change toll rate in about 1985 to the following on the
basis of the "low" tonnage projection.

Interest Rats Toll per Cargo Ton
6% $1.02
7% 1.13
8% 1.27

(3) If tonnages grow faster than the "low" rate, added capacity, if required, can
be provided by constructing a bypass which could be paid for from revenues
without increasing tolls.
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6. If Route 10 were placed in operation in 2000 and the preseni Panama Canal toll
structure were retained, the revenues would pay off the amou its indicated below,
leaving unrecovered construction costs as also indicated below.

Consti,.'tion Cost in Billions
Interest Raft Rermable Unrecoverable

"Potential" tonnage
projection

6% $2.9 $0.0
7% 2.1 0.8
7.6% 1.6 1.3

"Low" tonnage
projection

6% 2.0 0.9
6.7% 1.6 1.3

Source: Table A1-M
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Chapter I

INTRODUCTION

Purpose of the Study
At the request of the Atlantic-Pacific Interoceanic Canal Study Commission, shortly

after its appointment in mid-1965, the Secretary of Commerce agreed to provide the
Chairman for an inter-departmental study group to determine the potential value of a new,
sea-level Isthmian canal to United States and world shipping. The Office of the Under
Secretary for Transportation was assigned the responsibility for this task, and the study
chairmanship was transferred with this office to the newly created Department of
Transportation in January 1967. In April 1969, the chairmanship reverted to the
Department of Commerce, with the Maritime Administration assuming this responsibility.

The purpose of the Shippin.g Study was described by tne Commission as follows:
To analyze for the Commission the long-range (through year 2040) trends in
intercoastal and interoceanic shipping related to the canal; to examine the
interrelationships between a sea-level canal and shipping and finance; and in
cooperation with other agencies and the Commission, to analyze the effects of
selected toll collection and distribution plans upon interoceanic and inter-
coastal shipping.

Scope of the Study
The Commission's original instructions to the Shipping Study Gi " were in the form

of a series of six questions:
I. What is the total demand for interoceanic freight transportation through year

2040, in terms of ships, cargoes, origins and destinations?
2. What changes will occur through year 2040 in the design and performance of ships

and related transportation equipment which would bear upon future capacity requirements
for the canal?

3. What will be the dimensions and operating characteristics of the largest :ommercial
ships through year 2040, with or without a sea-level canal?

4. To what extent will the existing canal be adequate to meet shipping needs through
year 2040?

5. What will be the effects of the sea-leve.l canal upon intercoastal and interoceanic
shipping?

6. Considering U.S. interests and the needs of world shipping, what policy for tolls
collection and distribution should accompany the financing arrangement?
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As study effort progressed to completion, the objectives of the study were refined to
determine the followiag:

1. The ability of the Panama Canal to meet the future needs of world shipping, based
in part on an analysis of historical traffic e~xperience, current forces and trends in canal
traffic, and canal capacity, to accommodate the numbers and sizes of ships for transit.

2. The nature and resrtits of previous Panama Canal traffic studies in the light of
actual experience to date, in order to facilitate adoption of the most practicable
methodology for making a long-range farecast for future interoceanic canal traffic.

3. Potential cargo tonnage movements through an interoceanic cinal based on
examination of these considerations:

a. The latest trends in world and United States economic development and
oceanborne trade.

b. Past and current trends in Isthmian canal cargo tonnage moverients.
c. Historical and projected economic development of actua1 and potential

regional users of an lsthmian canal.
d. Future plans of the shipping industry and major users of bulk :arriers as they

relate to potential canal traffic.
c. Technological development. in commercial transportation.

4. Potential transit projections through an interoceanic canal based on examination of
these considerations:

a. Plans for world and United Stat> >ort and harbor development.
b, Projected ship sizes and distribution for the world mei-chant fleet.
c. Projected ship sizes ,nd distributie,' for potential cana. iraffic.

5. Potential revenues for use of a sea-level c real, to include consideration of tolls rates
and relationship to potential traffic.

6. The preferred sea-level canal route alternative from the standpoint of interoccanic
shipping interests.

Conduct of rhe Study
Undef !he successive chairmanship of the Assistant Secretary of Transportation for

Policy Development and the Administrator, Maritime Administration, the Study Group was
organized to include representation fro-i the De~partment of 'i-insportation, Department of
Commerce (Maritime Administration), Department of State, Panama Canal Compar:y,
Department of Commerce (Business and Defense Servk ýs Administration), and Department
of the Army. UuX.ing the earlier phases of the study considerable attention was devoted to
analyzing the Cinal Study Commission's request for a forecast of potential lsthmian canal
traffic and revenues extending some seventy years into the future. This request stemmed
from two requirements. One was to predict the date at which the capacity of the existing
lock can 1l with anticipated capital improvements would be inadequate to accommodate
total demand for trir.,t, and the other was to predict long-term capacity requirements and
revenues for the pu: -oses of designing a sea-level canal and evaluating its financial
feasibil'ty. At the outset, the Shipping Study Group advised the Commission that forecasts
of future economic activities decrease in reliability very rapi !.ly as their time span increases,
and anj forecast of canal shipping through the year 2040 mi.st be highly tenuous. No such
long-range foiecast had been attempted in detail in earlier canal studies.
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The initial approach of the Study Group w-s to obtain information on and make
projections of population, gross national product, transportation technology, and ship sizes.
An evaluation was made of the relationship between estimated economic growth in value
terms and growth in ocean trade. Subsequent projections were developed for potential cargo
tonnage volumes, transits and tolls volumes. Because of the difficulty of forecasting
individual commodity movements over the extensive forecast period, projections of
potential cargo tonnage movements wore made only on an aggregate basis. The basic result
was a specific forecast of potential cargo predicated on a continuation of uniform
exponential gruwth.

Review of the preliminary study findings brought forth a wide range of views
concerning forecasts of future Isthmian canal traffic in terms of potential cargo tonnage. It
was apparent that large variations in the tonnage forecast would result from the various
assumptions tend-.ed. Consequently, it was decided to conduct a detailed reexamination of
the economic .actors that contribute to canal traffic and determine the range of
possibilities. Emphasis was given to the principal causative factors in the growth of Panama
Canal traffic since WPorld War II, regional economic development as it relates to potential
canal traffic, and petroleum movements.

The range which was considered is bounded by the high projection and the low tonnage
forecast. The high projection assumes continuing growth at the average annual rate
experienced by the Panama Canal over the past twenty years. The low tonnage forecast
assune -s a leveling off of traffic associated with the Japan trade; a slow incremental increase
in all other trade; and an allowance for unforseeable trends. Within this wide range, a more
deLailed analysis relatin. canal traffic to world regional aggregations of gross national
product was developed and forms the basis for the potential tonnage forecast, which is
considered the basic forecast of this study for canai capacity and revenue planning purposes.
The low tonnage forecast is considered valid for alternative revenue planning to demonstrate
the degree of possible financial risk.

The next step in the study was to make a projection of the distribution of cargo by
type ship that migit use a canal of various sizes in accordance with the range of possibilities
associated with an overall cargo tonnage forecast. Here, again, it was decided to use a range
of possibilities concerning the cargo distribution of the future among freighters, dry bulk
carriers and tankers, based on an analysis of Panama Canal cargo trends and projections of
future world merchi nt fleet composition by type of vessel. A methodology, which included
consideration of a ship efficiency index (the ratio of cargo tonnage transported in long to
deadweight tons (DWT)) for each type ship and the average DWT per type of ship, was
developed to convert the projected cargo mix into a projection of otal transits for canal
capacity and revenue planning purposes. Revenue computations were derived by using an
average toll per ton of cargo for each type ship determined from current Panama Canal
experience. In the projection of future shipping through an interoceanic Isthmian canal,
consideration was given to plans for world and United States port and harbor development.
Conclusions were reached concerning the capability of th" Panama Canal with maximum
improvements in canal facilities, operating procedures and water supply for lockages to meet
the demand for future transilt.

A revenue forecast was .:i',eloped which comprises a range of estimates based on
consideration of the following: the potential cargo tonnage: forucast and the low tonnage
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foreca.st; two ship cargo mixes; and two tolls systems. The tolls systems consist of the
existing Panama Canai tolls rates and procedure of assessing charges and a system involving
,he use of maximum rates based on application of a marginal pricing concept. Conclusions
were reached concerning the revenue potential of a sea-level canal, tolls rates, and structure,

The final step in the study was to make a comparative analysis of sea-level canal route
alternatives from the standpoint of shipping interests. This analysis focused attention on the
principal trad,. routes that contribute to Ist,,mian canal traffic.

Basic Asmmption
For purposes of forecasting future demand for interoceanic canal _,lization this study

assumes that there will be no significant interruptions in world trade growth due to general
war (major, worldwide) or economic depression (similar to 1930's).

Study Presentation
Chapter I1 examines existi~ag Panama Canal capacity, tolls, and trafti,• trends. Chapter

III presents a review of previcus Panama Canal Traffic Studies. Chapter IV examines the
economic factors that contribute to Isthmian canal traffic and provides estimates of the
potential demand for interoceanic canal shipping services, to include forecasts of cargo
tonnage movement, estimates of rotential snip sizc and mix, and forecasts of transits for
various Isthmian canal options. Chapter V es1imates the revenue potential of a sea-level
canal and evaluates the tolls system required to obtain various levels of revenue. Chapter VI
presents conclusions derived from an analysis of data presented.
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Chapter II

THE PRESENT CANAL

Introduction
The Panama Canal is approximately 50 miles long, deep water to deep water, and

follows a northwesterly to southeasterly direction. A ship entering the canal from the
Atlantic goes from CristobE.4 HwIebor to Gatun Locks, a distance of 7 miles, at sea level. It is
lifted 85 feet to Gatun Lakc. in 3 lockagcs or "steps". From Gatun it sails, 85 feet abcve sea
level, to Pedro Miguel, a distance of 31 miles. A single lockage at Pedro Miguel lowers the
ship 31 feet to Miraflores Lake. A mile further south the vessel enters Miraflores Locks and,
in 2 lockages, is lowered 54 feet to the Pa,.ific Ocean level. A ship then sails 4 miles to the
Balboa port area before entering the outer harbor.

The average time for a commercial ocean traffic vessel in Canal Zone waters in Fiscal
Year 1969 was 16 hours. The average transit for the Canal proper takes 8 hours. The fastest
transit was 4 hours and 38 minutes by the destroyer U.S.S. Manley. In Fiscal Year 1968, the
transit of 15,511 vessels of all types established a new daily average record of 42.5 transits.
In Fiscal Year 1969, the total number of transits declined slightly to 15,327 for a daily
average of 42.0 transits.

The longest passenger vessei to transit the canal was the German flag BREMEN on
February 15, 1939. She was a 51,73! gross-ton vessel with an overall length of 936.8 feet.
The widest beamed ,onmercial ships to transit are the oil-ore carriers SAN JUAN PIONEER
and SAN JUAN PKJSPECTOR, both 106.4 feet. Record cargo carried through the canal up
tc March 10, 1970, was aboard the bulk carrier ARCTIC which had a load of coal weighing
60,391 long tons. The ARCTIC has a length of 848.8 feet, a beam of 105.85 feet, and
passed through the canal with a maximum draft of 39 feet 6 inches TFW.

Capacity
The capacity of the Panama Canal system is a matter of continuing, detailed study by

the Panama Canal Company. It is measured by the capability of the canal to allow passage
throughout its length on a sustained basis for a maximum nmimber of ships and by the size of
the locks which prescribes the largest size ship which can transit. The physical operating
capacity of the canal is further constrained by the water supply available for operation of
the locks. The Panama Canal Company completed in the summer of 1969 iti latest
comprehensive study of canal capacity. This study which was conducted over a two-year
period, is essentially an updating of previouks studies to ensure that all factors which liinit
capacity are properly recognized and that all feasible means of augmenting capacity a,',
considered. The Company's obiective is to make the best possible determination of
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attainable capacity, and set up a program of improvements in methods, equipment and
facilities which will best achieve this end.

Physical Characteristics
A major limitation on the capacity of the Panama Canal is the size of the lock chambers

which are 110 feet wide and 1000 feet long. Completion of the widening of Gaillard Cut
from 300 feet to 500 feet (scheduled for July, 1970) will eliminate another major
limitation, except that the largest ships will not be able to pass one another in the Gaillard
Cut. In order to overcome the effect of these physical restrictions, the Panama Canal
Company has constantly developed procedures governing the operation of large ships.

The Company periodically publishes revised regulations pertz ining to the size and draft
lmitations of vessels that may transit the canal. Restrictions with respect to beam and draft
vary on a seasonal basis in accordance with Gatun Lake levels. Based on experience to date,
the Company has determined that 106 feet is the widest beam commercial vessel acceptable
for regular transit. Transit draft restrictions vary in accordance with beam, lake level, ship
handling characteristics and other considerations. For practical purposes it appears that
vessels in the transit draft range 40 feet and greater would be precluded from transit. Vessels
in the transit draft range 36 to 40 faet are subject to draft restrictions. Depending on
variable conditions, vessels in this range could either transit fully laden, transit partially
laden or in ballast, or elect not to transit. The longest vessel that could be permitted transit
would be approximately 950 feet in length. Panama Canal Company rules allow a 6-knot
maximum speed for large ships in the G ',ard Cut section of the canal.

Number of Ships
The number of transits which can be handl:d annually depends upon physical operating

capacity and future improvements in canal fa..ilities and operating procedures. The recently
completed Panama Canal Company study of canal capacity concludes that the ultimate
physical operating capacity of the canal, with modernization and augmentation of water
supply for !ockages at an estimated cost of $92 million, is 26,800 annual transits.

Size of Ships
The Panama Canal is limited by draft and lock size to transit ships up to approximately

65,000 DWT when fully laden. As mentioned in the earlier discussion of physical
cha. •cteristics of the canal, for all practical purposes ships in the world's merchant fleet that
would be precluded from transiting the canal because of size are those that exceed 106 feet
in beam and 950 feet in length. Vessels in the transit draft range 36 to 40 feet are subject to
draft restrictions.

As of December 31, 1968, the world merchant fleet consisted of 19,361 vessels of
1,000 gross tons or over. As of January 1, 1970, there were 751 ships, primarily tankers, in
the fleet too wide to enter the Panama Canal locks: as of November 27, 1969, there were
17 ships under construction and 446 on order too wide to transit the canal. In addition,

the Panama Canal Company has determined that, as of January 1, 1970, there were between
604 and 1349 ships afloat (depending on variable Gatun Lake levels) unable to go through
the locks fully laden because of draft restrictions. As of the same date, there were 87 under
construction and 297 on order unable to go through the locks fully laden.
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Tolls

Basis of Toll Charges
Tolls are levied on a net capacity tonnage basis, Panama Canal measurement tons (a

volume measurement). They amount to 90 cents a ton for laden ships and 72 cents unladen.
These rates have remained essentially unchanged since the canal opened. A ship which
would otherwise have to sail around Cape Horn can easily save many times the amount of
her toll by using the canal. In Fiscal Year 1969, the average toll per oceangoing commercial
transit was $6,651. The fact that Panama Canal tolls have not been adjusted as the U.S.
dollar purchasing power decreased means that "real dollar" toll rates have been reduced
effectively by three-fourths over the 55-year canal history.

Panama Canal tolls are based on the cargo carrying capacity of ships expressed in
Panama Canal net tons, a measure roughly equal to 100 cubic feet of cargo space. The
specific tolls rates are as follows:

1. On merchant vessels, Military Transports, tankers, hospital ships, supply ships, and
yachts when carrying passengers or cargo: 90 cents per net vessel-ton of 100 cubic feet of
actual earning capacity; that is, the net tonnage determined in accordance with the "Rules
for the Measurement of Vessels for the Panama Canal."

2. On such vessels in ballast, without passengers or cargo: 72 cents per net vessel-ton.
3. On other floating craft: 50 cents per ton of displacement.

Tolls on laden vessels are not levied on the baiss of the amount or type of cargo carried.
Vessels pay the laden rate whether the vessel has one ton of cargo or a capacity load of
cargo. Tolls are not charged for a small volume of "free traffic" that includes ships of the
Colombian and Panamanian Governments and ships transiting for repairs at the Panama
Canal Company operated yards.

Table 11-1 includes information on the average toll and credit per long ton of total cargo
and the average toll per long ton of commercial ocean cargo for the period Fiscal Year 1915
thiough Fiscal Year 1969. The average toll/credit per long ton of total cargo is obtained by
dividing the total annual tolls and credits revenue in a given year by the total number of
tons of cargo that passed through the canal in that year. The average toll per long ton of
commercial ocean cargo is computed in a similar manner. This average is not paid in fact by
any ship. The basis of tolls charges is as described in the foregoing discussion.

Table 11-1 shows that the average toll per long ton of cargo transited has remained
relatively stable since the canal opened. Tolls credits were not charged for U.S. -rovernment
traffic prior to Fiscal Year 1952. For a more valid comparison of revenues thrc agh the span
of years of operation since 1915 the approximate value of tolls credits for U.S. Goveniment
traffic prior tc Fiscal Year 1952 has been provided by the Panama Canal Company. The
figures for the average toll credit per total long ton of cargo prior to Fiscal Year 1952
represent an adjusted figure to reflect assumed charges for U.S. Government traffic.

Before World War II, the adjusttd avzrage toll per long ton of total cargo was somewhat
above 90 -nt's. Subsequ.nt to 1946, the low was about 78 cents in 1957 and the high was
about 91 cents in 1953. There is no consistent trend in the average Panama Canal toll per
long ton of cargo transited; however, the average for total traffic has not been below about
85 cents since 1957. Table II-I shows that the average toll rate per long ton of commercial
ocean traffic for most years during the period from 1947 to 1969 is between 80 to 90 cents
per long ton.
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Elements of Cost Recovered
The canal cost the United States approximately $387 million to build. When it opened

in 1914, the United States did not contemplate its operation on a self-amortizing basis. Tolls
were set at a reaso!., 1' !e% el that would encourage the use of the canal by the world's
merchant shipping. From 1914 to 1951 the canal was financed by annual appropriations
from the U.S. Treasury whil. its annual receipts were returned to the Treasury. Not until
after World War II did income approach operating costs. In 1951 the Panama Canal
Company was organized as a U.S. Government corporation under legislation which
authorized the Company to set tolls at rates sufficient to recover annual operating cosis,
interest on the unamortizeo U.S. original investment, depreciation, and the net cost of the
Canal Zone Government. If, in any p-len year, the cash on hand exceeds the amount
required for working capital and fore e able plant replacement or expansion, the excess is
required to be paid into the Unitec. States Treasury and applied to amortization of the
capital investment. When the Panaiia C•anal Company was organized in 1951, the
unamortized U.S. investment which the Company established after audit by the General
Accounting Office and with the approval of the Bureau of the Budget was $373 million as
of July 1, 1951. The interest bearing investment, as of June 30, 1969, is approximately
$317 million.

Tolls Revenues by Type of Ship

Table 11-2 shows transits and tolls for commercial ocean traffic by ship classification for
the period Fiscal Year 1946 through Fiscal Year 1969. General cargo ships include all cargo
ships constructed or modified to special Panama Canal rules. General cargo ships include all
cargo ships except the tankers and ore ships. Tankers are designed for liquid cargoes.
However, Panama Canal Company statistics normally do not distinguish tankers c~arrying
petroleumn products from those carrying dry bulk grain.

The data for Fiscal Years 1968 and 1969 have been consolidated in Table 11-2 for
comparison with the data of the preceding years. However, in Fiscal Ye.,: 1968 the Panama
r'anal Company commenced subdividing what had been the General Cargo category into
several others, i.e., combination carriers, container cargo ships, dry bulk carriers, general
cargo ships, and refrigerated cargo ships. For study purposes these datz have been rearranged
into the groupings indicated in Table 11-3.

By 1968-1969 the number of commercial ocean traffic transits had increased abov't 3.5
times over those in 1946, and the tolls collected had increased about 5.5 times over those in
1946, reflecting the increase in average size of ships transited.

Table 11-4 indicates that general cargo ships (including dry bulk carriers, combination
carriers, container ci.rgo ships, and refrigerated cargo ships) have accounted for about 80 per
cent cf canal transits and 75 per cent of tolls in recent years. Tanker trupsits have averaged
between 10 and 15 per cent; tanker tolls have ranged between 15 and 21) per cent. Ore and
passenger ships have declined percentage-wise in the post-war period in transits and tolls
paid. Further analysis of tolls revenue by type of ship is included in Chapter V, Potential
Revenue for Use of a Sea-Level Canal.

Traffic
Table 11-1 portrays basic dath on transits, cargo tonnage, and tolls and credits for

Panama Canal traffic from the opening of the canal through Fiscal Year 1969.
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TABLE 11-3

PANAMA CANAL TRANSITS AND TOLLS BY TYPE OF SHIP,
COMMERCIAL OCEANJ TRAFFIC, FY 1968 & 1969

Type of Vessel Transits Tolls
(Number) ($000)

FFY 1968 FY 1969 FY 1968 ICY 1969

Tank Ships 2,030 2,081 $ 4,847 $15,568

Dry Bulk Carriers 1,915 2,255 $22,328 $27,472
(Dry Bulk Carriers) (1,784) (2,125) (20,157) (25,103)
(Combination

Carriers) (114) (109) (1,956) (2,156)
(Ore Ships) (17) (21) (215) (213)

Freighters 9,036 8,612 $46,218 $44,004
(Container Cargo (55) (61) (365) (376)

Ships)
(General Cargo Ships) (6,847) (6,348) (37,584) (34,588)
(Passenger Ships) (308) (298) (2,889) (2,862)
(Refrigerated Cargo,

Ships) (1,826) (1,905) (5,380) (6,178)

Other 167 152 $ 411 $ 325

Naval Ships 51 50 $ 103 $ 89

GRAND TOTAL 13,199 13,150 $83,907 $87,458

SOURCE: Panama C4mal Company Annual Reports, FY 190 and FY 1969

Panama Canal traffic is subdivided into several categories for purposes of statistical
analysis. For an overview of the total cargo tonnage transiting the canal in any given year, as
well as numbers of transits and tolls, the following categories comprise the sum of the total:

Commercial ocean traffic - Includes ships of 300 net tons and over, Panama Canal
measurement, or of 500 displacement tons and over on vessels payin', tolls on displacement
basis (dredges, warships, etc.).

U.S. Government ocean traffic - Same criteria as commercial ocean traffic except that
ships are owned by or operated under contract for the United States Government.

Free ocean traffic -- Includes ships of the Colombian and Panamian Governments and
ships transiting for repairs at Panama Canal Company operated yards.
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Small commercial traffic - Includes vessels under 300 net tons, Panama Canal
measurement (or under 500 displacement tons for vessels assessed on displacenment tonnage).

Small U.S. Government traffic - Same measurement criteria as small commercial
traffic.

Small fret traffic - Same measurement criteria as small commercial traffic.
Table II- I breaks out commercial ocean traffic which represents the greatest amount by

far of cargo tonnage that transits the Panama Canal. Al! other categories are included in the
total tonnage and tolls (except for free traffic) columns.

About 5 nmllion long tons of cargo passed through the Panama Canal during the initial
year of operation. Landslides prvvented operations through much of 1916 and limited
traffic to approximately 3 million long tons. Although cargo tonnage more than doubled in
1917 it remained relatively constant until the post-World War I recovery of the early 1920's
after which steady growth occurred through 1929 to -almost 31 million long tons.
World-wide depression affected growth adversely in the 1930's and World War I! reduced
the total cargo tonnage transited to 11 million long tons in 1943. Post-World War II
recovery has been relatively steady, reaching a record high of 108.8 million long tons of
cargo in 1969.

The limited wars in which the United States has been involved .ince World War II have
had an impact on Panama Canal traffic. The major impact of the Korean War is illustrated
by the considerable increase in total cargo tonnage in the early 1950's and then a levelling
off in the mid-1950's. This was due to the sharp rise in U.S. Government ocean traffic which
reached a peak in Fiscal Year 1953 and then dropped off to normal experience in 1955 and
1956. This overall effect on growth was only temporry, however; commercial cargo

tonnage continued to grow and made a great surge in 1956, causing a corresponding surge in
total cargo tonnage.

Logistical support of military operations in Southeast Asia has had a significant bearing
on the continued substantial growth of Panama Canal traffic in recent years. The Panama
Canal Company attributes the war in Vietnam as being a major factor in the increase in all
areas of canal traffic with the principal impact being on U.S Government ocean traffic.
Commercial traffic is also considered to have been affected indirectly through increased U.S.
offshore expenditures which have given added economic impetus to other canal users,
principally Japan. The post-war situation in Vietnam will probably have a temporary effect
on growtk of Panama Canal traffic comparable to that experienced after the Korean War.

Another development that has contributed to the recent surge in canal traffic is the
closure of the Suez Canal, which according to the Panama Canal Company has affected both
commerciil and U.S. Government traffic. Princilmlly affected have been vessels normally
plying the route fror.i various eastern Europena, Mediterranean, and Black Sea ports to the
Far East which are now rerouting via the longer Panama Canal route. In addition, U.S.
Government vessels which previously transited Suez to Vietnam have now been added to the
Panama Canal traffic pattern.

Panama Canal trade is analyzed in detail in C!Vapter IV, Isthmian Canal Traffic Forecast
Among the outstanding features of this trade have been the decline in United States
intercoastal trade and the remarkable increase in cargo movements (primarily from the East
Coast United States) to Japan, owing to continuous Japanese economic expansion from the
mid-1950's to the present.
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Chapter III

REVIEW OF PREVIOUS PANAMA CANAL TRAFFIC STUDIES

Introduction
Certain traffic projections predated the decision to construct the Panama Canal, but the

weight of existing evidence suggests that the decision to build the canal resulted more from
a general recognition of political, economic, and military advantage to tho United States as a
new world power than from any quantitative analysis. In designing the locks in the early
part of the Twentieth Century, the Panama Canal engineers attempted to provide ample
lock capacity for the largest ships that might ever be constructed Several separate forecasts
of future traffic through the Panama Canal were prepared from 1912 through World War II.
Those that were made in the earlier part of this period could not foresee the significant drop
in Panam i Canal traffic which resulted from the economic dislocation in Europe in the
1920's and in the United States in the 1930's. Those that spanned the period 1939-1945 did
not foresee - understandably so - the dramatic decrease in traffic during World War II.

Each traffic forecast was based on either disaggreption or aggregation as, n economic
theory underlying the method of projection. The disaggregative technique involves an
approach which derives the sum-of-components by fomecasting changes in each component.
Disaggregation is most appropriately used in forecasting when component data az. available,
understandable, and changes in them predictable in logical and statistical terms. This is
characteristically found in short-range forecasts which emphasize the e •pected changes of
specific components. In terms of Panama Canal traffic forecasts, analy.s has proven that
forecasts of changes in existing components become of decreasing reliability as the period of
forecast is extended. Perhaps the greatest disadvantage of this technique is the inability oi
the projector to foresee the development of new components.

The aggreative technique, in contrast to disaggeption, forecasts the total by
examining the historical relationship of the total growth function 9nd its components in a
time series sequence. This relationship, either linear or otherwise, is employed in a forecast
by projecting the total on the basis of its demonstrated pattern of growth to derive the
growth of its components. lhe economic implication here is grounded in an observation
that the ov.erall growth of economic development ha an influence of causation on
components of economic activity. Economists are often uncertain as to whether this
relationship is purely statistical in nature vr more meaningful in a substantive way.
Nevertheless, the technique affords a means by vhich to project long-term growth rates in
aggregate growth functions in which there is no reliable basis for forecasting the growth
rates of individual components and in which the entrance and growth of new components
cannot be foreseen.
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Panama Canal Post - World War II Traffic Forecasts
The following presents a survey of previous canal traffic forecasts conducted

subsequLnt to World War II. These and a few earlier forecasts are shown in Figure Ill-I.

Isthmian Canal Stut:,,s - 1947
These studies comprised a comprehensive investigation by the Governor of the Panama

Canal of the means of increasing the capacity and security of the Panama Canal. They
included a traffic survey conducted under the direction of Dr. Roland L. Kramer of the
Wharton School of Finance and Commerce. The purpose was to forecast the volume of
commercial traffic through the Panama Canal annually for the period 1950-2000. The study
resulted in four traffic projections. Two were based on ecomomic-statistical projec-
tions - one relating the several segments of Panama Canal traffic to corresponding national
income estimates and the other drawn to reflect official estimates of United States
export-import trade. A third projection, a historic trend line, was based upon Panama Canal
experience during the period 1923-1936 and held petroleum traffic constant at the 1936
tonnage experience. A fourth projection was based upoit an applIzation of Panama Canal
traffic to the- longer histeo ic pattern of Suez Canal traffic. The four projections were
evaluated it, the light of the following influences: commodity analyses; analysis of the
future trade of countries and areas served by the Panama Canal; and shipping company plans
for future use of the Panama Canal. The 1947 Panama Canal Commercial Traffic Survey
uti'ized an aggregative approach in projection.

The Kramer Study accepted the economic-statistical projection bsed on national
income estimates as a reasonable maximum forecast of commercial traffic, and trends based
on Panama and 3ucz Canal experience as the minimum amount of traffic likely to
materialize in the future. The economic-statistical projection based on an estimate of
c.,i;'-rt-import trade was considered optimistic.

f four projections varied considerably by the end of the time frame of the
forecast - the year 2000. They varied from a low forecast of 62 million tons to a high
forecast of 97.7 million tons by the year 2000. Subsequent history has proved that all the
projections fell considerably short of forecasting the increasing growth of canal traffic. The
highest estimate of commercial cargo tonnage for the year 2000 was exceeded in FY 1969.
Table Ill-I depicts the degree of shortfall in the forecast.

Consid-ration was given to the matter of vessel transits although the study concentrated
on cargo tonnage. By the year 2000, average cargo per transit was projected at 6000 tons.
This produced a traisit figure of 13,078 by the year 2GO0, utilizing the economic-statistical
estimate of 86,312,000 net tons of commercial ocean traffic. The estimated year 2000
forecast of 13,078 net tonnage type commercial ocean traffic transits was surpassed in FY
1968 when 13,199 of this type of transit occurred. The average commercial cargo per
ocean-going transit in FY 1969 amounted to 7,710 tons.

Certain assumptions were of significant importance to the study's resulting low
estimates T'ie ass,'mption v 'iich held petroleum traffic it the 1936 level, or at
approximately 4 million long tons, was in error. In FY 1969, petroleum movements
amounted to 17.6 million long tons. The impact of the world's rapidly expanding
population on trade demand, and hence on canal traffic, was not considered. Productivity
increases and Japanese post-war economic recovery were not anticipated.
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TABLE I11-1

COMPARISON OF TRAFFIC PROJECTIONS
(ISTHMIAN CANAL STUDIES - 1947)

WITH ACTUAL EXPERIENCE

Year 2000 Actual Commercial
Tonnage Oomn Traffic
Forecast Tonnage

Panama Canal Trend 62,000,000 63,669,738 (FY 1961)
(with Suez)

Panama Canal Trend 66,000,000 67,524,552 (FY 1962)

Economic-Statistical 86,312,000 96,550,165 (FY 1968)
Projection (based on
national income estimate)

Economic-Statistical 97,700,000 101,391,132 (FY 1969)
Projection (based on
export-import estimate)

Stanford Research Institute Studies Conducted for the Panama Canal Company
During the period 1958 through 1967 various studies were completed under contract

for the Panama Canal Company by the Stanford Research Institute. The first in the seri.6 of
studies, conducted in 1958, consisted of an analysis of future commercial ocean traffic
through the Panama Canal. The second in 1960 consisted essentially of an updating of the
1958 study in the light of the intervening years of experience. A third study effort was
conducted in 1964 in response to the need for a series of long-range projections of canal
traffic. The final traffic projection study, completed in 1967, was part of an overall tolls
sensitivity study. Although these studies were conducted within the short time span of nine
years, each succeeding study resulted in upward revision of the cargo projections contained
in the pfevious study. This was due to the inherent difficulty in making forecasts of this
nature and to basic flaws in at least the first three projections. The cargo projections
embodied in the first three study efforts have been too conservative. The Panama Canal
Company's lat-st available statistics indicate that the fourth study has resulted in an overly
conservative forecast of cargo - at least for the first target year of the forecast period. The
four study efforts and a comparison with Panama Canal traffic experience are summarized
in the following pages.

An Analysis of Future Commercial Freight Traffic Through the Panama Canal
(Stanford Research Institute - 1958)
This Study formed part of the supporting documents for two larger canal studies: The

Bonner Report, prepared for the House of Representatives by the Board of Cons .,ants,
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Isthmian Canal Studies, June 1, 1960, and the report of the Panama Canal Company
Isthmian Canal Plans - 1960. The methodology was disaggregative and an evaluation was
made of the future trends of the elements of the activity; the evaluations were then summed
for a projection of the total. This Study, like the 1947 Kramer Study, comprised a
projection of commercial ocean traffic, but not total canal traffic (which includes the
following Panama Canal Company categories: U.S. Government Ocean Traffic, Free Ocean
Traffic, and traffic under 300 net tons, Panama Canal measurement).

The methodology employed analyzed previous canal traffic data to determine changes
in cargo movements on the principal trade routes, and in the tonnage of important
commodities shipped through the canal. A detailed study of trade routes, individual traffic
components, and commodities was undertaken to analyze changes, and to estimate future
traffic. Capacity of basic vessel types used to carry specific cargoes was examined to
estimate the number of canal transits required to move the forecasted tonnage.

Subsequent history has proved that the projections were inaccurate on the low side.
The projections of commercial ocean traffic, as compared with Panama Canal actual
experience, are as follows:

Year 1975" Year 2000 Actual-FY 1969

Cargo Cargo
Tonnage Transit Tonnage Transit Caigo
Estimate Estimate Estimate Estimate Tonnage Transits

73,436,000 11,530 102,130,000 15,452 101,391,132 13,150

Long Tons Long Tons Long Tons

"The 1975 commercial ocean cargo tonnage projection ývsa exceeded by FY 1965 when commercial ocean cargo tonnage
amounted to 76,513,071 long tors. The 1973 transit p vojectlon wes surpassed in FY 1964 when 11,808 commercial
ocean transits were registered.

Basically, the diesaggregative appoach employed in the Study resulted in overly
conservative forecasts in both cargo tonnage and transits. A major deficiency in the forecast
was the fact that it overestimated the importance of ores and coal, and underestimated
quantities of petroleum and petroleum products, phosphates, grains (other than wheat), and
fishmeal. The failure to forecast the growth in pet:roleum and petroleum product traffic was
particularly significant. Total petroleum cargo tonnage was estimated at 6.25 million long
tons by 1975 and 6.9 million long tons by 2000. Actual petroleum cargo during FY 1969
amounted to 17,623,000 long tons.

The Addendum to an Analysis of Future Commercial Freight Traffic Through the
Panama Canal (Stanford Research Institute - 1960)
In 1960, the Panama Canal Ccompany asked the Stanford Research Institute to review

its 1958 Study in the light of the intervening experience. A comprehensive revision was not
attempted, and attention was focused only on those developments since the 1958 report
which would suggest basic changes. The actual traffic, over the period FY 1958 through the
Third Quarter FY 1960, was compared with the predictions of the earlier study. Variations
were found both in the commodity tonnage movements and in the relation between the
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commodivy tonnage and the general cargo vessel transits. The revisions were limited to ,he
nearer target date of 1975, with the projection of the earlier study for the year 2000
remaining anchanged. Commercial ocean traffic cargo tonnage for 1975 was raised from
73,436,000 long tons to 83,986,000 long tons. The transit projection for 1975 was
increased from 11,530 to 14,115, reflecting increases in ore and general cargo transits.

The revised projections were no more accurate than their predecessors. By FY 1967
(less than half the projected period), the tonnage total had been exceeded. While the transit
figure has not been equalled, this cannot be attributed to the accuracy of the projection, but
rather to an increase in average ship size beyond that utilized in the Study. The revision
repeated a major weakness of the earlier Study: overestimation of ore cargo and
underestimation of petroleum traffic.

Stanford Research Institute Report of 1964
This Study was prepared in response to the need for a series of long-range projections of

canal traffic. Forecasts were based on the disaggregative commodity approach; milestone
dates of 1980 and 2000 were selected. The overall methodology was similar to that
employed in the 1958 Study: commodity cargo was projected, and the number of transits
was derived by applying estimated ship capacity to the commodities. More commodity
groups were analyzed in detail in this Study. Although U.S. Government Ocean Traffic and
Free Ocean Traffic were added to this Study, only Commercial Ocean Traffic was projected
for the two target dates. Total commercial tonnage was estimated at 105,895,000 long tons
for 1980, and at 152,775,000 long tons for 2000. Commercial cargo transits were projected
to be 14,354 for 1980 and 18,263 for 2000.

The tonnage projections appear to be inaccurate - at least for the year 1980. Although
the Study projected only two target dates, an indication ot how well the projections
compare with experience can be gained by comparing actual data since FY 1964 with values
for the Fiscal Years 1964 - 1969, inclusive, taken from the line connecting the velues
predicted for 1980 and 2000, extended backward to FY 1964.

Comparison of Projections to Actual

Commercial Cargo (millions of long tons)

FY Projection Actual

1964 68 70.5
1965 71 76.6
1966 73 81.7
1967 75 86.2
1968 78 96.5
1969 82 101.4

The transit projections - at least for the near-range - appear to be much more
accurate. However, this result.; from both the underestimation of cargo tonnage and an
underestimation of average ship size.
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Stanford Research Institute Analysis of Panama Canal Traffic and Revenue Potential -
1967
The final traffic projection study in the series of studies conducted by the Stanford

Research Institute was prepared in conjunction with a tolls sensitivity study conducted for
the Panama Canal Company. This summary relates to the traffic projection portion of the
Study. The time frame extended from 1967 to 1990 and resulted in projections of
Commercial Ocean Traffic for the target years of 1970, 1980, and 1990. Like its
predecessors, the Study followed the disaggregative commodity approach but embodied the
most comprehensive research project yet undertaken by the Stanford Research Institute.
Following completion of the 1964 estimates, it had become apparent that past projections
had not considered adequately "new" commodities or new movements of existing
commodities. The commodity-by-commodity approach had failed to consider changes and
innovations in commercial traffic; therefore, a "new commodity movements" category was
created.

Some eighteen categories or commodity groups were analyzed and totalled for the three
target years. The projected Commercial Ocean Traffic cargo tonnages are shown below:

Millions Long Tons

1970 1980 1990

94 113 140

The increases and decreases of each commodity group's cargo tonnage at the estimated
target dates provide a view of the dynamics of projcted tonnage growth. It also facilitates
the location of discrepancies which may develop in the future. Table 111-2 covers each
commodity group for each target year and shows a comparison with actual experience in FY
1969.

It is already apparent that this Study has underestimated the growth of traffic through
the Panama Canal. The forecast of 93,985,000 long tons of commercial cargo in 1970 was
surpassed in FY 1968 with 96,550,165 long tons of this category of cargo and further
exceeded in FY 1969 with 101,391,132 tons. This is due primarily to the continued surge in
recent years of the growth of shipments of coal and coke from the East Coast of the United
States to Japan as well as the continued closure of the Suez Canal. A cursory examination of
Table 111-2 reveals understandable variation between the 1970 projections of commodity
movements and FY 1969 experience. This only serves to illustrate the inherent pitfalls in
the disaggrcgative, commodity-by-commodity approach in making forecasts of traffir
movements. Economic history is replete with examples of failure to anticipate dynamic
forces and trends that have caused considerable alteration within the short span of a few
years of commodity movements in world trade. At the same time history has proven that
overall economic growth, inchding world trade, has continued at a fairly uniform rate. This
basic circumstance has characterized the history of the growth of Panama Canal traffic.
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TABLE 111-2

COMMODITY PROJECTIONS (SRI-1967)
(000 Long Tons of Cargo)

ActuJ
Commodity 1969 1970 1980 1990

Petroleum and Products 17,623 16,000 15,475 14,970

Coal and Coke 16,291 6,700 8,150 9,600

Iron Ore 3,054 8,200 8,850 9,500

Sugar 3,642 4,285 4,770 5.300
Bananas 1,254 1,500 2,300 3,000

Coarse Grains 4,927 4,900 7,000 9,800

Soy Beans 2,552 2,600 3,000 4,500

Lumber 4,951 4,100 4,150 4,300

Bauxite-Alumina 1,353 1,200 1,450 1,700
Phosphate Rock 4,755 3,500 3,500 4,000

Wheat 1,675 2,600 4,200 6,300

Scrap Metal 2,673 2,500 2,000 1,500

Wood Pulp and Paper 2,622 2,000 3,400 5,900

Rice 875 800 1,300 1,800

Nitrogenous Products 3,455 2,800 3,000 3,500

Sulfur 369 900 1,200 1,800

General Cargo 29,320 27,000 30,000 35,000
New Commodity Movements - 2,400 9,100 17,000

TOTAL 101,391 93,985 112,845 139,470

Gardner Ackley Projection of Traffic Through the Panama Canal in Relation to Canal
Capacity - 1961
In 1961, Mr. Gardner Ackley, an economist serving at the time as a consultant to the

Secretary of the Army, prepared a memorandum for the Secretary in which .'e discussed
and iPlustrated several possible methods of projecting traffic through the Panama Canal and
then made some projections of his own in terms of future numbers of transits which he
considered to be conservative, minimum estimates. Mr. Ackley discussed and r'miected the
"commodity-by-commodity, country-by-country" approach that had been employed by the
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Stanford Research Institute in its 1958 Study. He felt that this approach was restricted by
concentration on traffic movementg of cunrent importance without proper consideration
being given to future growth possibiJitie, especially with respect to the economic growth of
aggregate production in the countries involved in such an analysis. Other approaches
discussed by Mr. Ackley included a straight-line projection of trend (based on an analysis of
Panama Canal traffic during the post-World War II era), and an econometric projection
(which uses economic theories about causative factors in economic growth, measures their
past influence by statistical methods, and assumes that factors demonstrating a stable
relationship in the past will continue to do so in the future).

Mr. Ackley estimated that there would be 17,000 transits in 1975 and 30,000 in the
year 2000. He regarded these as "minimum safe planning figures" and felt that they were
definitely on the conservative side. He used the straight-line trend projection method based
on a constant incremental increase in absolute amounts of transits rather than a constant
percentage iate. He felt that use of a constant exponential growth rate applied to transits
would have resulted in "fantastic" numbers and would have ignored the offsetting effects of
larger average ship sizes in the future: His estimate of 30,000 transits in the year 2000 was
related to an estimate of optimum canal capacity of a like quantity of transits. This is higher
than current estimates of canal capacity without major modification. However, in the light
of Panama Canal transit experience since 1960 Gardner Ackley's aggregative type estimates
of transits are quite realistic.

Conclusion
This summary of previous Panama Canal studies serves to illustrate the inherent

difficulties involved in estimating future demand for interoceanic commercial transportation
through an Isthmian canal, especially for any considerable period into the future. As
Gardner Ackley pointed out in his 1961 examination of this matter, "Panama Canal traffic
is an aggregate of intermediate scope. It is composed of many specific currents that may rise
and fall, and which are likely to be at least partially offsetting in their effects. On the other
hand, canal traffic is not merely a microcosm of total economic activity; it is dominated by
a relatively small number of important commodities, mostly the raw materials or products
of a few industries. Further, because it depends on economic developments in a number of
separate countries, many of which are in early and uncertain states of evolution into modem
economic organization, its projection is more difficult than that of an activity confined to a
single, already-developed economy whose future course is more predictable."

The traffic projections contained in previous studies, although resulting from intensive
re, arch by competent individuals and organizations, failed to provide an accurate forecast
of the increasing growth of canal traffic for the reasons cited in this summary. They were
invariably low and overtaken by events within a relatively short span of time after the date
of the forecast. They were predicated, in large part, on the disaggregative, commodity
analysis approach aad failed to provide allowance for the dynamic, unpredictable factors
that influence constant world economic growth and advances in international trade. The
foiecasts applied to the existing lock canal only and were acceptable for short-term financial
planning by the Panama Canal Company. Analysis of the traffic prcjection results of these
studies demonstrates clearly the need for a different approach in estimating and planning
future capacity requirements and potential sea-leve: canal traffic.
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Chapter IV

ISTHMIAN CANAL TRAFFIC FORECAST

Introduction
A long-range forecast of potential Isthmian canal traffic is needed for three purposes:
a. To predict the date at which the present Panama Canal cannot accommodate the

total number of ships requiring transit.
b. To determine the canal capacity that will be needed in the future, both in channel

dimensions and numbers of transits, if the future needs of world and United States
interoceanic freight transportation are to be met.

c. To estimate the tolls rcvenues that could be available over the long term to repay
investment in new capacity.

It is the consensus of those engaged in econominc research that the reliability of
forecasts of economic activities decreases rapidly as Lheir time span increases. Most canal
users invest in ships and other resources on the basis of forecast demands no more than
twenty years into the future. A new sea-level canal, however, could not be in operation for
fifteen years or thereabouts, and at least fifty more years should be available for its
amortization. As the present worth of future revenues beyond the year 2040 is not of great
significance to a current determination of the financial feasibility of a new canal, the
Commission directed the Shipping Study Group to develop estimates of potential canal
cargo tonnages, transits, and revenues for the period 1970 through 2040. The Commission
further directed that the Study Group forecast the range of future traffic possibilities with
the objective of establishing a reasonable planning goal for which capacity should be
provided. A potential tonnage forecast was developed which defines a transit range
dependent on ship cargo mix and maximum vessel size to be accommodated.

The quality of any forecast of economic growth depends on an understanding of the
factors of causality that operate to expand and constrain growth. As discussed in Chapter
III, most previous Panama Canal traffic forecasts utilized a technique of commodity
analysis, commonly called disaggregation, to determine causality; here, the growth-
maturation-stagnation cycle of each commodity is employed to develop a total of
commodity tonnage through the canal. While this type of forecasting technique is
undoubtedly useful for short-range planning purposes, it is of marginal value for estimating
Isthmian canal traffic for the next seventy years. Potential movements of individual
commodities are affected by many variables, and most are subject to changes that are
unpredictable for more than a very few years in advance. The history of the growth of
Panama Canal traffic to new peaks has been essentially that of the continued emergence and
rapid growth of new traffic patterns, while earlier components have, in the aggregate,
grown less rapidly. The influence of new commodity development (not accounted for in
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disaggregation) is increasingly important as the target forecast year is extended because
existing commodities generate proportionally less tonnage as they achieve the maturity
phase in the growth cycle. T'hus, the experience of forecasting efforts to date has shown that
a commodity-by-commodity approach inevitably has downward bias and results in forecasts
that are conservative.

The converse of this approach, called aggregation, involves the projection of growth
trends of gross aggregates of economic activity usually along exponential lines. New
commodity development is implicitly included, but the resultant forecast may yield growth
patterns of skyrocketing proportions.

Panama Canal traffic growth is influenced both by the evolution of individual economic
cells, and by the general exponential trend reflected in world trade and economic expansion.
It is stimulated by economic growth, but also influenced by shifts in regional economic
maturity levels and the spacial and dynamic economic relationship of one region to another.
While a growth in regional Gross National Product (GNP) generates an increase in tonnage
exports that may transit the canal, an increase in per capitA GNP (indicating an advance in
industrial maturity) encourages vertical and horizontal domestic economic integration and
tends to deemphasize the raw material extractive industries which reduces the incremental
growth in tonnage exports. Trade patterns that determine canal usage are specified by
economic and geographic interrelationships.

Methodology
In view of the foregoing basic considerations, the potential tonnage forecast to the year

2000 is predicated essentially on an aggregative approach with emphasis on the relationship
between interoceanic canal trade and economic development of the regional areas which
contribute to this trade. Beyond the year 2000, the potential tonnage forecast was projected
to the year 2040 by total aggregation, reducing the rate of growth existing at year 2000 to
zero growth at year 2040 in equal, yearly decrements over the forty years. The "bending
down" of the rate of growth in the Twent) -First Century resulted basically from inability to
forecast world trade from 30 t o 70 years into the future; thus a conservative growth
estimate was assumed for this period. The potential tonnage forecast is the basic forecast of
this study.

The potential tonnage forecast for canal traffic is made in terms of projections of total
potential annual cargo tonnage. The next step in the overall process of projecting traffic is
to determine the sizes and distribution of ships that would transport the potential cargo
tonnage. For this purpose the world's merchant fleet is divided into three general classes:
tankers, dry bulk carriers, and freighters. Each class of ship has a set of identifiable
operating characteristics in Isthmian canal trade, including size distribution. Projections of
the sizes and size distribution of the world fleet are provided. The world fleet size
distribution is modified to reflect the size distribution experience of the present Panama
Canal and the constraints of the canal configuration under consideration, i.e., maximum
ship size accommodated. From the resulting Isthmian canal ship size distribution, the
projected average ship for each ship class is identified. The potential cargo tonnage is
assumed to be carried on these average ships for the purpose of computing numbers of
transits expected in the future. Plans for world-wide harbor ane, port development are
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examined in connection with the foregoing analysis of oceanbonie and interoceanic canal
shipping trends.

The total potential annual cargo tonnage is apportioned among the three classes of
ships. The percentages assigned define the cargo mix, i.e., the per cent of total potential tons
carried by each ship type. The selected cargo mixes are based on recent Panama Canal
experience. The final factor to be considered is the relationship between cargo tonnage and
ship capacity (DWT). For this purpose, a ship efficiency index has been defined as the ratio
of cargo tons to deadweight tons. 7 his index is a unique characteristic of each class of ship
in Isthmian canal trade, and inherevtly accounts for transits in ballast, partially laden ships,
and cargo density.

Using the factors of cargo mix, ship efficiency index, and average DWT, the total
potential annual cargo tonnage is translated into total annual transits required. The total
annual tonnage actually transited equals the potential tonnage until the transit capacity Uf
any canal option is ieached. Thereafter, the tonnage increases very slowly, as only the
average size of ship increases and the number of annual transits remains essentially constant.
The revenes produced are computed from the annual tons transited and the average toll per
cargo ton.. This calculation is carried out separately for each class of ship since each has
different average tolls per ton as computed from Panama Canal experience. (Canal tolls are
assessed on earning space, not cargo tons.)

The methodology for forecasting isthmian canal traffic is explained further and,
illustrated in subsequent portions of this Chapter and Chapter V, Potential Revenue for Use
of a Sea Level Canal, and described in detail in Appendix 1, Methodology for Computation
of Projected Canal Traffic and Revenues.

EconomicConaiderationa
World and United States Economic Gýowth and Oceanborne Trade

Economic Growth and Oceanborne Trade
Tie annual rate of growth of the total world economy since 1948 has been

calculated by the United Nations to have been '4.4 percent in constant dollars. Data for
longer periods are less exact, but world economic growth appears to have stayed
consistently in the narrow range of 3 percent to 5 percent annually for the past '00 years.
The United Nations forecasts that world economic growth will continue in the future at the
4.4 percent rate as a minimum. United States economic growth is expected to increase at
approximately the same rate. Continued economic growth at these proportions will exert a
major influence on the continued growth ot oceanborne trade and the Isthmian Canal
portion of this trade.

Table IV-l shows the growth of world oceanborne trade by major geographic areas
from 1938 through 1966. Based on available data, the United Nations estimates that this
trade increased to approximately 1,860 million metric tons in 1%7. In the same year, the
volume of U.S. oceanborne trade amounted to 387,568,000 long tons. Table IV-2
summarizes the dynamic structure of oceanborne trade by type of cargo for the period from
1937 to 1966.

During the period 1948-1967 world oceanborne cargo tonnages have grcwn at an
average annual rate of 7.2 percent and are forecast to continue at approximately the same
rate. From 1960 to 1967 the average annual growth rate of the main bulk commodities and
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TABLE IV-1

WORLD OCEANBORNE TRADE

(Goods Loaded (A) and Unloaded (B) in External Trade)

North South

Worid Africa America America Asia Europe Oceania U.S.S.R.

Year Total1  A B A B A B A B A B A B A B

Million Metric Tons

1938 470 28 23 108 81 52 19 f4 68 185 266 8 9 9 1

1"!48 490 31 27 160 151 98 29 84 50 108 226 7 9 (.)2 (.)

19E3 680 41 34 167 211 121 29 170 93 173 305 11 14 ( 2 (.)

1958 94u 53 45 210 260 181 38 276 147 184 430 13 22 22 4
1959 990 57 51 210 288 196 38 298 148 187 440 16 22 30 .

1960 1,110 70 54 227 290 209 37 335 181 209 511 18 25 39 6
1961 1,180 83 56 239 288 209 37 365 215 213 533 22 28 31 7
1962 1,280 98 58 260 317 225 36 398 233 216 594 25 27 60 7

1963 1,380 125 61 286 326 229 35 427 258 224 654 24 30 67 9

1964 1,550 168 67 316 352 247 40 486 303 236 727 30 33 71 12
1965 1,670 195 73 321 378 263 42 527 341 256 791 3C 36 79 13
19663 1,790 224 76 335 389 262 4V 582 378 269 838 32 38 90 12

1 Total tonnage loaded which, after adjustment for time lag, is approximately the same as the total tonnage
unloaded in any year.

21948 and 1953 estimates for U.SS.F. are included with data for Europe.

3provisional.

SOURCE: United Nations Statistical Yearbook, 1967, New York, 1968. pag 77

other dry cargo was 6.6 percent for the former and 6.1 percent for the latter. Du,'ng the
same period the average annual rate of growth of petroleum loadings was 13.4 percent. The
trend toward a greater share for petroleum (tanker cargoes) in total world movements has
continued to rise rapidly. The share of petroleum comprised 21 percent nf total oceanborne
tonnage in 1937, represented 50 percent in 1960 and rose to 56 percent in 1967.

A recent forecast of world oceanborne trade based on world trends and
expectations is projected in Figure 'V-I. This forecast was based, in part, on a forecast made
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by th,. United Nations Conference on Trade and Development (UNCTAD) in a study of
world petroleum movements. It predicted a probable slackening in the world demand for
petroleum, hence a shift in tanker tonnage resulting in dry cargo again becoming the
dominant segment of oceanborne trade early in the Twenty-First Century.

The Panama Canal's portion of total world oceanborne cargo movements each year
has remained remarkably consistent. Table IV-3 shows a comparison between Panama Canal
Total Ocean Traffic and world oceanborne trade for selected years 1938-1967. For the
period 1958-1967 it has varied less than one pehcentage point above or below 5.1 percent of
the world total.

1 he World Merchant Fleet
t'hile the growth in the value and volume of world trade may be attributed to

many factors such as the rise in industrial production creating an almost insatiable demand
for raw materials, improvements in the means of transportation must also be considered
among the most important factors. Progress in transportation epitomizes the development
of the modem econumy; the following considers the size and structure of the world's
merchant marine since the vast majority of world trade is transported in oceanborne vessels.

TABLE IV-2

WORLD OCEANBORNE GOODS LOADED BY TYPE OF CARGO

Type of 1937 1958 1959 1960 1961 1962 1963 1964 1965 1966

Cargo Million Metric Tons

Ocean
Shipping'
Total 490 940 990 1,110 1,180 1,280 1,380 1,550 1,670 1,790

Tanker
Cargo

2

Total 105 440 480 540 580 650 710 790 870 950

Dry
Cargo
Total 375 480 490 540 570 600 640 720 770 800

1 Approximate figure that includes data on international cargoes loaded at ports of the Gret Lakes and St. Lawrence
system for unloading at ports of the s.me system and not included in the Tanker and Dry Cargo totals.

Crude petroleum and petroleum oils; includes crude petroleum imports into Netherlands Antilles and Trinidad and
Tobago for refinery and re-export.

SOURCE: United Nations Statistical YVirbook, 1967, New York, 1968, page 77
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TABLE IV-3

COMPARISON OF WORLD TONNAGE AND
PANAMA CANAL TONNAGE

SELECTED YEARS 1938-1967

Panama Canal PC
World Tonnap Total Oman ''raffic WT

Year (Million Metric Tons) (Million Long Tons) %

1938 470 27.5 5.9
1948 490 25.6 5.2
1958 940 49.0 5.2
1959 990 52.3 5.3
1960 1,110 60.4 5.4
1961 1,180 65.2 5.5
1962 1,280 69.1 5.4
1963 1,380 63.9 4.6
1964 1,550 72.1 4.7
1965 1,670 78.9 4.7
1966 1,790 85.3 4.8
19671 1,860 93.0 5.0

1provisionsl

SOURCE: United Nations Statistical Yearbook, 1967
Panarna Canal Company Annual Reports

On December 31, 1968, the world's merchant fleet of oceangoing ships, 1,000
gross tons and over, totaled 19,361 ships of 273.2 million deadweight tons. Table IV-4
depicts the growth of the world merchant fleet during the period 1949-1968. Total world
tonnage increased during this period approximately 164 percent. Table IV-5 shows the
twelve major maritime fleets, which accounted for more than 82 percent of the total
deadweight tonnage comprising the world fleet on December 31, 1968. Liberia ranked first
among the maritime nations of the world and 45.1 million deadweight tons registered under
her flag represented 16.5 percent of the wnrld total. Norway and the United Kingdom
which ranked second and third represented 11.2 percent and I I percent of the world's
deadweight tonnage, respectively. Japan, the fourth leading marIime nation, represented
10.7 percent of the world's carrying capacity. The United States, in fifth place, the only
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TABLE IV-5

TWELVE MAJOR MARITIME FLEETS OF THE WORLD

December 31, 1968

(On the Basis of Dedvoilght Tonnage)

Gross Recent Trends
Number Deadweight in DWT Rank

1968 of
Rank Country Vessels Tons Tons 1967 1966 1965 1964

(000) (000)

1 Liberia 1,613 26,984 45,141 1 1 1 3

2 Norway 1,308 19,231 30,593 2 4 4 4

3 United Kingdom 1,840 20,845 29,917 3 3 3 2
4 Japan 1,766 18,797 29,222 5 5 5 5

5 United States1  2,071 18,675 25,464 4 2 2 1

6 U.S.S.F. 2  1,634 9,457 11,911 6 7 6 7

7 Greece; 1,006 7,890 11,543 7 6 7 6

8 West Germany 909 6,399 9,320 8 8 9 9

9 Italy 620 6,266 8,686 9 9 10 8

10 Panama 623 5,165 8,009 10 10 8 10

11 France 485 5,414 7,618 11 11 11 11

12 Sweden 408 4,660 6,945 12 A A A

13 All Other 5,078 34,459 48,841 -. . .

1 The privately owned United Sttes Merchant Marine includes only 967 vesels totalling g0r649,000 ross tons
and 15,346.000 deadweight tons. The above figure reflects the Government-owned Reserve Fleet and those
Vesmls9 operated tunder general agency agreement, bareboat cnarter and in the custody of the Department of
Defense, State and Interior.

2 Source material limited.

A. Netherlands ranked twelfth in 1966, 1965 and 1964.

SOURCE: U.S. Department of Commerce. Mari*ime Admiristration

country among the major maritime nations to show an almost continuous decline in the last
two decades, represented only 5.6 percent.1

Table IV-6 depicts the trend in deadweight percentage distribution of the world
fleet by vessel class during the period 1961-1968. It shows that the bulk carrier is the fastest

Thi figures includes only the U.S. privately-owned fleet. It excludes the National Defense Reserve Fleet which

comprised more than 8.3 million deadweight tons i ' _' ecember 31, 1968. Other U.S. owned vessels under generd
aSency greement. bareboat charter, or in the custody of the Department of Defense, State and interior are also not
included in this filWg.
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TABLE IV-6

DEADWEIGHT PERCENTAGE DISTRIBUTION OF THE

WORLD FLEET BY VESSEL CLASS

Year Total Combination Freighters, Dry Bulk Carriers Tankers

1961 100 4 50 9 37
1962 100 3 48' 11 38'
1963 100 3 47 12 38
1964 100 3 4A 13, 40
1965 100 3 41 15 41

1966 100 2 39 16 43
1967 100 2 36 20 42
1968 100 2 33 22 43

SOURCE: US. Oepartment of Commerce, Maritime Administration

gr,.ing class of ship. In 1968 tankers and dry bulk carriers made up 65 percent of the
world fleet's deadweight carrying capacity in comparisop with the 1961 total of 46 per cent
for tankers and dry bulk carriers. Thus, there has been a dramatic, structural 'change in the
deadweight tonnage distribution of the world fleet by vessel class.

Isthmian Canal Trade
The history of Panama Canal traffic has been described briefly in Chapter I1. The

purpose of this section of the study is to present an analysis of the cargo portion of canal
traffic experience covering the period since Warld War II. The requirements for new
Isthmian canal capacity are based on projected increases in cargo tonnage that potentially
would transit the canal. Such projections are based not only on the future outlook but on
past experience in order to identify trends in the growth of cargo tonnage. "Toflnage
transited" is emphasized in measuring overall potential canal demand bec.ause it :s a better
measure than "ships transited;" the latter criterion contains variations in size, capacity, 'and
loading. However, for canal design purposes, it is essential to estimate the number of transits
required to carry the potential cargo tonnage.

Panama Canal traffic can be subdivided into many categonies for purposes of ktatistical
analysis. The two major categories of traffic are Commercial Ocean Traffic and U.S.
Government Ocean Traffic (ships owned by or operated under contract fo, the United
States Government). The remainder of the traffic (idcntified by the Panama Canal Company
as Free Ocean Traffic, Smal: Commercial Traffic, Small U.S. Government Traffic, and Small
Free Traffic) do not contributc significantly to the total. Commercial Ocean Traffic
represents the vast preponderance of cargo tonnage that transits the Panama Canal.

Commercial Ocean Traffic can be further subdivided and analyzed, in several ways.
These include classification by type of vessel, commodities shipped through the canal, and
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ori.gins and destinations of cargo shipments. Petroleum shipments have represented the most
important single commodity shipments tonnage-wise for the last two decades.

Table IV-7 and Figure IV-2 depict Panama Canal cargo tonnage by category of traffic
since World WNar 11. The tanker cargo tonnage is identified separately to reflect trends in
petroleum shipments. The remainder of the commercial ocean cargo tonnage was transited
mostly in dry-bulk carriers and freighters.

The Panama Canal cargo tonnage history was examined for major trends and rates of
growth. Analysis of canal statistics can produce varied results whether done by computer
least squares analysis or by visual fitting; contradictory and misleading results are possible if
the results are regarded as accurate to a fine degree. Table IV-8 is intended to be merely a
gross indicator of traffic growth during selected periods, based on common ust growth
tables. It shows that the annual growth rate varies in accords,,,ce with the period selected for
analysis. More sophisticated types of statistical analysis of the identical periods shown in the
table will provide different results. Statistical data should be used, therefore, only in a
general or gross manner as one of many guides of what may happen in the future.

"In this study the method of least !quares was used to quantify the trend analysis, the
details of which are contained in Appendix 2, Analysis of Panama Canal Cargo Tonnage
History. For the period 1947 to 1969, the total cargo tonnage has increased at a nearly
uniform annual ite of approximaitely 6.5 pe; cent. The period 1964-1968 saw a significant
rise in this rate. Some of this increase was due to traffic generated by the Vietnam conflict,
some to the closure of the Suez Canal, and some to other factors. Considering only
commercial ocean tonnage (essentially total tonnage less U.S. Government ocean tonnage),
the apparent impact of Vietnam on the recent growth rate is reduced. However, due to
inability to quantify that portion of commercial ocean tonnage generated by hostilities in
Southeast Asia, the complete impact of Vietnam cannot be identified. The growth of
commercial ocean tanker tonnage has been declining in recent years. Finally, the trend in
the growth of trade with Japan demonstrates that this component is the current major
contnbutor to the growth of Panama Canal cargo tonnage.

Principal Trade Routes
"Table IV-9 shows 13 major Panama Canal trade routes ranked according to the long

tons of commercial c.cear ;argo moving in both directions along these routes in Fiscal Year
1969. A comparison is made with the volume of commercial cargo movements along the
same routes for the period 1965-1968 anl selected earlier fiscal years.

Table IV-9 shows that the greatest increase by far in cargu, tonnage movements along
aniy single trade route is between the East Coast United States and Japan, increasing from
approximately one-half million long tons of cargo in 1947 to almost 33 million tons in
1969. "1he vast bulk of this cargo has originated in the United States, amounting to over
27.3 millio .: tons in 1969. In Fiscal Year 1969 the five principal commodities moving along
the East Coam, United States to Japan route in o-der of importance were coal and coke,
phosphate, corn, scrap metal, and soybeans The rapid growth in canal cargo shipments from
the United States and other origins to Japan has been coincident with and was caused
primarily by the tremendous expansion of the '1.panese steel industry, which depends upon
imports of raw matc71dis, particulariy coal and iron ore. It is doubtful that Japanese
economic expansion can long continue at its phenomenal growth rate cf receat years. There
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TABLE IV-7

PANAMA CANAL CARGO TONNAGE
BY MAJOR CATEGORY, 1947-1969

(000 Long Tons)

Fiscal U.S. Govt. Tanker Commercial Ocean Total'
Year Oman Cargo Cargo Less Tanker Cargo

1947 983.7 2,109.2 19,561.3 22,688.4
1948 1,520.6 2,297.2 21,820.6 25,664.2
1949 2,217.5 2,267.5 23,037.7 27,782.6
1950 1,429.3 4,571.4 24,300.9 30,365.0
1951 1,166.0 3,121.4 26,951.6 31,281.5
1952 3,237.3 3,802.9 29,807.6 36,902.9
1953 5,049.9 5,005.0 31,090.3 41,203.4
1954 2,708.4 4,632.1 34,463.0 41,882.4
1955 838.3 6,368.6 34,277.7 41,548.0
1956 1,150.1 7,165.5 37,953.5 46,331.9
1957 922.2 5,879.6 43,822.6 50,659.1
1958 791.3 6,956.4 41,168.4 48,982.0
1959 1,012.8 9,155.0 41,998.0 52,329.0
1960 804.6 10,450.3 48,807.9 60,401.7
1961 1,149.9 12,410.1 51,259.6 65,216.6
1962 1,126.4 12,693.4 54,831.2 69,063.5
1963 1,115.4 13,377.2 48,869.9 63,877.2
1964 1,177.3 14,247.2 56,302.9 72,168.7
1965 1,923.5 16,680.4 59,892.7 78,922.9
1966 3,220.2 17,904.1 63,799.4 85,323.5
1967 6,147.5 18,851.4 67,342.0 92,998.0
1968 8,497.2 17,941.7 78,608.5 105,538.3

1969 7,210.1 18,328.1 83,063.0 108,793.1

1 ncludee Free Oceen. Small Commercial, Small U.S. Government. end Small Free Traffic

SOURCE: Panama Canal Company Annual Reports

are also indications that the J3panese steel industry has taken effective steps to obtain
requisite raw materials from the Pacific Basin, particularly from Australia. While Japan
should continue to play an important role in Isthmian canal traffic for the foreseeable
future, it could exert less of a predominant influence on the overall growth rate than it has
in the past.

Cargo tonimage shipments along other trade routes involving Asia (primarily as a
destination ratt-er than an origin) have also demonstrated a high rate of growth since World
War Hl. T'iese iiiclude East Coast United States - Asia (less Japan) and West Indies - Asia.
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TABLE IV-8

GROWTH RATES, PANAMA CANAL TOTAL CARGO TONNAGE

Selected Years - Period 1915-1969
(000 Long Tons)

Long Long Number Annual Growth

Year Tons Year Tons of Years Rate (percent)

1915 4,937 1969 108,793 54 5.9
1915 4,937 1929 30,782 14 14.0
1915 4,937 1965 78,923 50 6.0
1920 9,731 1930 30,164 10 12.0
1920 9,731 1966 85,323 46 4.9
1929 30,782 1944 11,593 15 -7.0
1930 30,164 1950 30,365 20 0.0
1930 30,164 1965 78,923 35 2.8
1940 27,524 1966 85,323 26 4.4
1940 27,524 1969 108,793 29 4.9
1944 11,593 1969 108,793 25 9.3
1947 22,688 1969 108,793 22 7.4*
1948 25,664 1964 72,169 16 6.7
1948 25,664 1966 85,323 18 6.9
1948 25,664 1969 108,793 21 7.1
1949 27,783 1969 108,793 20 7.1

Note: Computations b'ied on Tables for Rates of Growth and Rates of Decline, US. Department of Agriculture,
June 1966.

*Computer least squares analysis results In a growth rate of approximately 6.5 percent.

The remarkable rise in cargo along the Europe-Asia route in 1968 and 1969 reflects a surge
in shipments of coal and iron ore to Japan.

Although canal traffic to Japan and the other Far East destinations has grown relatively
and absolutely, this has been accompanied by growth involving other regions and trade
routes. For example, the sharpiy rising traffic along the South American Intercoastal Route
reflects a considerable increase in petroleum movements from Venezuela to West Coast
South American ports. Cargo shipments from the West Indies to the West Coast United
States have increased significantly. For most of the period, the East Coast South
America - West Coast United States route showed gains but has aeclined in the last few
years because of a considerable drop in cargoes originating in West Coast United States
ports. A significant increase in Europe-Oceania trade between 1967 and 1968 is attributed
in part to closure of the Suez Canal. Except for a decline in traffic in FY 1968, the East
Coast USA - Oceania route has shown a healthy growth trend. United States Intercoastal,
East Coast United States - West Coast South America and Europe -West Coast South
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America show declining trends for the period. Detailed data on origins and destinations of
Commercial Ocean Traffic along all trade routes during the period Fiscal Years 1947 through
1969 are contained in Appendix 2, Analysis of Panama Canal Cargo Tonnage History.

As stated previously, the dynamic growth of Panama Canal traffic since World War II
can be attributed primarily to the continued emergence and rapid growth of new traffic
patterns. Certain spectacular events have acted as catalysts, however, in causing rapid
increases in canal traffic at certain times. In the decade 1950-1960 the Korean conflict, the
closure of the Suez Canal, and initiation of Japanese economic expansion fall in this
category. The decade was also characterized by a steadily rising volume of U.S. cargo, an
unusual increase in cargo movements to Europe, and an extraordinary increase in the
numbers and sizes of all classes of ships. In the decade 1960-1970 the continuation of
Japanese economic expansion, hostilities in Southeast Asia, and the second closure of the
Suez Canal are the most important single events contributing to the dramatic rise in canal
traffic.

Table IV-10 further illustrates the impact that Japanese economic expansion has had on
canal traffic since World War II. It provides a comparison of commercial cargo tonmnage
shipments to Japan and other Asiatic designations wl. h commercial shipments to all other
destinations. It shows that trade to the Far East, with particular emphasis on that destined
for Japan, has been growing at an extraordinary rate in the last two decades as compared to
traffic moving to non-Asiatic destinations. in 1969 cargo tonnage shlpments to Asia
amounted to 38.8 percent of cargo tonnage moving to all destinations, with Japan alone
representing 33 per cent of the total. Of all commercial cargo tonnage shipped from the
Atlantic to the Pacific in 1969 (not shown in Table IV-10), Asia represented 60.9 per cent
of Pacific-bound cargo and Japan alone 51.8 per cent. Table IV-I portrays cargo
movements to and from Japan as well as cargo tonnage traffic involving all other Asiatic
otifns and destinations. The last column on Table IV-11 lists all other commercial cargo
tonnage moving through the Panama Canal. In 1969 shipments to and from Asia constituted
approximately 50 per cent of all commercial cargo tonnage shipped through the canal, while
shipments to and from Japan comprised 40.4 per cent of the total.

Effect of Military Operations on Panama Cane! Traffic
Table IV-12 illustrates the effect o" ilitary operations in Southeast Asia on Panama

Canal traffic. It provides an overall , iry of Panama Canal traffic for Fiscal Years
1964-1969, spanning the years ot int....sing Military Assistance Program support and
initiation and continuation of major hostilities. Vietnam has affected traffic directly and
indirectly. The direct iripact is immediately noticeable in the sharp rise in U.S. Government
traffic which, pre-Vietnam, averaged something less than 300 transits and 1.4 million tons of
cargo annually. While sharply rising Government traffic directly reflects the heightened level
of involvement in Vietnam, increased ocean-going commercial traffic is also indirectly a
result of it. Offshore purchases by the Department of Defense, military personnel and U.S.
indu3trial spending in the Pacific basin have tended to stimulate the economies of a number
of countries that are important to the canal, principally Japan. In 1969, for the first time
since the initiation of large-scale hostilities, U.S. Government traffic showed an absolute
decline in transits and cargo tonnage. This reflects the decision of November 1. 1968 to halt
bombing targets in North Vietnam.
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TABLE IV-1O

COMPARISON OF COMMERCIAL CARGO SHIPMENTS TO ASIA
WITH OTHER PANAMA CANAL TRAFFIC

FISCAL YEARS 1947 THROUGH 1969

(Cargo Long Tons x 106)

Destination of Commercial Cargo

Fiscal Total P.C. Commercial Other 2  Total Total
Year Cargo Cargo Japan, Asia Asia Non-Asia

1947 22.7 21.7 0.5 1.8 2.3 19.4
1948 25.7 24.1 1.1 1.3 2.4 21.7
1949 27.8 25.3 2.2 1.0 3.2 22.1
1950 30.4 28.9 2.0 0.9 2.9 26.0
1951 31.3 30.1 2.7 0.7 3.4 26.7
1 P52 36.9 33.6 5.1 28.5
1953 41.2 36.1 6.6 29.5
1954 41.9 39.1 7.8 31.3
1955 41.5 40.6 7.1 33.5
1956 46.3 45.1 6.3 2.0 8.3 36.8
1957 50.7 e9.7 9.4 3.0 12.4 37.3
1958 49.0 48.1 7.8 1.9 9.7 38.4
1959 52.3 51.2 8.0 1.6 9.6 41.6
1960 60.4 59.3 11.0 2.0 13.0 46.3
1961 65.2 63.7 14.2 2.5 16.7 47.0
1962 69.1 67.5 16.5 3.9 20.4 47.1
1963 63.9 62.2 13.7 2.6 16.3 45.9
1964 72.2 70.6 17.8 3.2 21.0 49.6
1965 78.9 76.6 17.9 3.4 21.3 55.3
1966 85.3 81.7 19.6 3.6 23.2 58.5
1967 93.0 86.2 24.1 4.7 28.8 57.4
1968 105.5 96.5 32.2 5.2 37.4 59.1
1969 108.8 101.4 33.5 5.9 39.4 62.0

Notes: 1. Specific data on shipments to Japan not available for Fiscal Year 1962-FIsal Year 1965, incl.

2. Includes BritlI.h Ernit iig, Chine. Formoa, Hong Kong. Inlonesi•. North Korea, Philippine Islands,
Rumsa. South Korea, South Vietnam. Thailand, and other unspecified destinations. Does not include
Pacific-Atlantic shipments to the Middle East, which we Included in the "Total Non-Asia" column.

SOURCE: Panama Canal Company Annual Reports
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TABLE IV-11

COMPARISON OF COMMERCIAL CARGO SHIPMENTS TO
AND FROM ASIA WITH OTHER PANAMA CANAL TRAFFIC

FISCAL YEARS 1947 THROUGH 1969

(Cargo Long Tons x 106)

Fiscal Total P.C. Commercial To & From' To & From 2 To & From To & From
Year Cargo Cargo Japan Other Asia All Asia Non-Asia

1947 22.7 21.7 0.6 2.2 2.8 18.9
1948 25.7 24.1 1.1 2.1 3.2 20.9
1949 27.8 25.3 2.4 2.6 5.0 20.3
1950 30.4 2L.9 2.2 2.2 4.4 24.5
195. 31.3 30.1 3.0 2.4 5.4 24.7
1952 36.9 33.6 6.9 26.7
1953 41.2 36.1 8.8 27.3
1954 41.9 39.1 10.0 29.1
1955 41.5 40.6 9.4 31 *2
1956 413.3 45.1 7.2 3.9 11.1 34.0
1957 50.7 49.7 10.2 4.8 15.0 34.7
1958 49.0 48.1 8.5 3.3 11.8 36.3
1959 52.3 51.2 9.1 3.2 12.3 38.9
1960 60.4 59.3 12.2 3.7 15.9 43.4
1961 65.2 63.7 15.3 4.5 19.8 43.9
1962 69.1 67.5 17.8 6.1 23.9 43.6
1963 63.9 62.2 15.4 4.7 20.1 42.1
1964 72.2 70.6 19.8 5.4 25.2 45.4
1965 78.9 76.6 21.4 5.7 27.1 49.5
1966 85.3 81.7 24.5 6.4 30.9 50.8
1967 93.0 86.2 28.9 7.4 36.3 49.9
1968 105.5 96.5 38.1 8.3 46.4 50.1
1969 108.8 101.4 41.0 9.5 50.5 50.9

NOTES: 1. Specific data on shipments to and from Japan not available for Fiscal Year 1952-Fisal Year 1955, inc.

2. Includes British East Indies, China. Formo&3, Hong Kong. lrdcnaeia. North Korea. Philippine Islands.
Russia, South Korea, South Vietnam, Thailand. and other unspecified Asiatic origins and destinations.
Does not include origins and destinatlotis In the Middle East, which me included in the "To & From
Non-Asia" column.

SOU RCE: Panama Canal Company Annual Reports
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If peace negotiations lead to a termination of hostilities in Southeast Asia, the
immediate effect will be a lowering in demand for canal services generated by Ihe conflict.
However, this is expect •d to have only a short-term effect on canal traffic growth. In this
connection, a brief exanination of traffic experience during and after the Korean conflict is
in order. Table IV-l 3 contains traffic data spanning the period of conflict and the post-war
years. The major impact o1' the war is illustrated in the sharp rise in U.S. Government ocean
traffic (reaching a peak in Fical Year 1953) and then dropping off io normal experience for
this category of traffic in Fi';cal Years 1955 and 1956. The overall effect of tl'.e cessation of
hostilities appears to have 'r sated a plateau of growth of total cargo tonnages from the end
of Fiscal Year 1953 through 1955, due to an absolute decrease in U.S. Government traffic
but a continuing growth in commercial ocean traffic. This effect was only temporary,
however; commercial cargo tonnage continued to grow and, in fact, made a great surge in
Fiscal Year 1956. The post-war situation in Vietnam could be similar.

Conclusion
In conclusion, the growth in Panama Canal traffic since World War II has resulted only

in part from orderly growth trends in individual components of traffic. It has been, to a
considerable extent, a growth brought about by surges in traffic, followed by periods of
consolidation of gains and accompanied by a marked increase in the size of ships. Current
trends portend continued growth in most aspect,; of canal traffic.

Views of Ship Operatcors and Oil Companies
As part of the examination of economic factors beafing on the feasibility of a sea-level

canal, the Commission and Study Group conducted a comprehensive survey of the views
and plans of shipping int,'rests anid oil companies as they relate to possible future use of an
interoceanic canal in ýhe American Isthmus The results of the survey were very
inconclusive. Most commercial interests base the'r planning on short and midrange forecasts
of future trends. In a highly volatile operation such as that engaged in by the petroleum
industry it is most difficult, if not impossible, to predict the long-range future.

Approximately ^5 makjor U.S. shipping compan1ws participated in the survey. About
one-half declined tc make any definitive response on projected use of a sea-level canal (if
constructed and o4 adequate size) through the year 2000. Four companies indicated a
regular need for transiting cargoes, primarily of a dry bulk rature, in vessels of the 100,000
DWT type. Two foresaw a need for vessels of the 200,000 EWT type. Most of the shipping
companies surveyed indicated that a moderate increase in tolls for future sea-level canal
traffic would be acceptable. A substantial increa'we (e.g., 50 per cent) would result in serious
consideration of alternate routes.

Twenty major oil cc~mpanies were queried on the need for constructing a sea-level canal
whicb would accommodate 250,000 DWT tankers. Of the 15 companies that providcd a
response, 4 favored construction, 7 felt that the canal could not be justified on the basis of
projected petroleum movements, 3 had no opinion, while I foresaw the desirability of
moving large combination bulk/oil carriers through the canal. Some of the companies
pointed out the possibility of the economic attractivenesi of a transisthmian pipeline (in
which the Government of Panama is interested) vis a ,is a canal, unless the canal tolls rates
were competitive in nature. The companies intereste-d in the recent oil developments on
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Alaska's North Slope and in Colombip icuador recognized the pcssible impact on
traditional oil transportation and distribu, patterns. However, it is too early to reach
or, clusions on the impact of these de ,elopments on interoceanic canal petroleum
movements.

Technological Developments

Growth in world trade will require a parallel growth in tota' world shipping capacity.
While air freight is expected to increase its potential share of higi--valued and other non-bulk
cargoes in oceanborne trade, by far the largest part of transoceanic trade will move in ships.
Expected improvements in shipping efficiency will enable a better ratio of cargo moved per
ton of capacity, but the required world shipping capacity will increase considerably. Bulk
carriers will continue to grow in size but this growth will be subject to several constraints,
including port size and depth, ship handlin.: and cargo transfer facilities. Most non-bulk
commodities will move in unitized loads.

The principal alternatives to ocean transport for produ ts currently moving through the
Panama Canal (other than ocean movement via The Cap( of Good Hope or the Straits of
Magellan) are:

(1) Air movement.
(2) Rail movement between Pacific ports acld Gulf or Atlantic ports combined

with ship movements on each :tast (the landbridge concept.)
(3) Pipeline movement butween the oceans or inland from coastal ports.

It is not possible to make a reliable long-term prediction of costs of these alternatives
relative to the costs of surface shipping via an Isthmian canal. However, the current state of
the art of technological forecasting suggests that cost reductions in the modes which
compete with oceanborne traffic will have only marginal effect on the total of putential
future --anal tonnages. High value-to-weight-ratio products already move long distances most
economically by air. Larger and more efficient aircraft will continue to lower air freight
costs, and in the future a very large portion of manufactured products will move by air
rather than by surface transport. However, the efficienicies of ship movements of raw
materials, agricultural products, heavy manufactured goods and containerized goods are also
increasing. Aircraft are not expected to be able to compete for most cargoes of this nature
during the remainder of this century. Movements by air wiil gr, w considerably but ionnages
moving by surface transport will continue to increase relatively unaffected by this trend.

The potential competition of rail transport between the oceans has existed throughou-
the life of the present canal. The containership/landbridge concept is evolutionary rath'.
than revolutionary, and it is expected to have little ultimate effect on the growt:n o,
tonnages through the Panama Canal. Only high value cargoes suitable for containerizafion
could move more economically by the landbridge, and its potential competitive position
would be vulnerable to increases in rail and port charges and decreases in ocean freight rates.

Thr. potential for pipelinL competition to the Panama Canal is not new. It has existed
throughout the growth of petroleum movements through the canal. In the future, pipelines
are expected to attract many new petroleum movements that would otherwise move
through an Isthmian ý.anal in tankers. Although petroleum movements currently represent a
significant share of canal traffic, the tonnages involved are a very small portion of world
petroleum movements. The discovery of the new petroleum sources in Alaska and the
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western part of South America is not expectcd to cause drastic changes in the proportion of
petroleum tonnages in the totals that will move through an Isthitran canal in the future. The
petroleum industry is considering the merits of a transisthnuan pipe line, and pipelines from
Alaska to the U.S. Far West and from the Pacific Coast to the U.S. Midwest, as well as use of
the Northwest Passage, arc also under consideration.

Poi erntial Cargo Tonnage Forecasts
The Shipping Study Group considered several alternative assumptions and methods for

forecasting future potential cargo tonnage, ultimately selecting th~e potential tonnagu
forecast& rela~ting canal traffic to regional economidc development and described in detail in
Appenldix 3, Isthminan Canal Potential Tonnage Forecast, as the basic forecast for
interoceanic canal capacity and revenue planning purposes. However, a lower tonnage
forec~ast was developed under different assumptions and is presented for alternative revenue
planning purposes to demonstrate the magnitude of possible financial risk. Two other
projections which are considered are of use in that they furtner delineate the range of
possibilities which conceivably can be considered and also serve a-, points of comparison for
the potential t~onnage forccast and low tonnage forecast. The other projections are termed
the high projection and the 54-year trend projection and are recorded with the potential
tonnage and low tonnage forecasts in Table IV- 14 and Figure IV-3.

High Projection
Pai.ama Canal tunnage hn., grown expencntiAly at an average annual rate of

approximately 6.5% during the period 1947-1969. ri iecting tnis exponential rate of

TABL.E IV-14

FORECAST OF TOTAL POTENTIAL CARGO TONNAGE
FOR A TRANSISTHM IAN CANAL

(MiIliers of Long Tons of Cargo)

1970 1980 1990 2000 2010 2020 2030 20497

;iligh Projection 111 208 391 734 - - - -

Fif-y-Four Year Trrend
Projecti Wil 160 246 366 - - - -.

Forecas.ý ill* 157 239 357 503 643 743 778
Low Tonnage FUrK~at 111 171 218 254 290 325 363 403 ]
'Note: The potential tonn49L, forecast is basec: nn analysis of 145O%1957 data and is 'rocjected forward fiomr a best

fit Curve Whici' dons not necesitarily irtersect sny or .cO politts esablished 'y actual returns. Tha 1970
forecast ve' actually 97.11960,4Y long t,%ns o! conirrierciall ocean cargo plus 2.-300I.000 tons for go'ernmfnwrt
c~vgo. Foi I 70, the figire of I111,000,0OW lontg tons of cargo for total potential cs.go tannewa is .ised as a
most probable value for that year.

IV-54



3

1000
9
8
7 - -

HIGH PROJECTION
6

P TIN/ /•" ~POTENTIALFO EC TO"TCNNAG"E

FORECA;T"0 3 T

0 O ONAEFRCS

0

z
0

U- Ica_ __ - _

gn v

54 • TREND PANAMA CANAL EXPERIENCE
- PRO,.'CTION -

/

V

/

10

1920 1940 1960 1980 2000 2020 2040

FISCAL YEAR

POTENTIAL CARGO TONNAGE
ISTHMIAN CANAL

FIGURE IV-3

IV-55



growth from a 1970 base of 111 million long tons produces a potential tonnage of 734
million long tons in the year 2000. Such a high growth rate assumes a constant relationship
of world economic growth to trade and a continuation of world economic growth at the
high rates of 1947-1969. World economic growth is expected to continue to increase 4.4%
annually to year 2000, and U.S. economic growth to equalabout the same for this period.
This economic growth will result in even greater growth in world oceanborne trade. The
Study Group considers the projection of cargo seven-fold by the year 2000 to be extremely
optimistic. The catalytic influence of unique economic conditions prevailing after World
Was II (p, rticularly in Japan) that spurred the growth of Panama Canal traffic during this
period is not expected to continue indefinitely. As this projection is extended to the year
2040, it results in a cargo tonnage estimate of 9 billion long tons. While such a projection
may fall within the realm of possibility, it is most unlikely that any such astronomical cargo
tonnage would ever materialize. Continued growth at the overall exponential rate
experienced over the past two decades would imply continuation of the historical pattern of
Japan trade and, parenthetically, would result in totals which would require several new
canals to accommodate.

Fifty-Four Year Trend Projection
This projection is based on a regression analysis of the commercial ocean tonnage

experience of the Panama Caual extending back to 1915. The tonnage points were tested by
the method of least squares for a curve giving the best fit through the computer program for
curve fitting developed by the Maritime Administration. Curves tested were linear,
parabolic, hyperbolic, second order polynomial, third order polynomial, and exponential. It
was found that the curve giving the best fit is a third order polynomial as recorded in Table
IV-14 and Figure IV-3. As a completely independent projection of the totally aggregative
type, its very close agreement with the potential tonnage forecast through the year 2000
reinforces the credence which can be given to the basic forecast.

Potential Tonnage Forecast
The potential tonnage forecast is based on an examination of the historical relationship

betw,-.vi time series growth of commercial cargo tonnage passing through the Panama Cari,,'
and the Gross Product growth of the geographic regions that contributed to this traffic. This
aggregative type of approach, modified to the extent that specific regional ccmponents of
the world are evaluated rather than total aggregation at the world level, is a logical and
statis'ically reliable means of making the very long range forecast required by this study.
Aggregation at the world level would omit important developments in regional economic
evolution. On the other hand, further decentralization of the aggregative approach to the
national level would yield time series data characterized by perturbations unsuitable to the
si.,.tistical regression analysis employed in the forecast methodology. Straight-line projec-
tions of historical cargo tonnage growth, predicted on gross assumptions concerning future
growth, were considered to be inadequate even though results might approximate the
regional approach. A disaggregative approach, based on analysis of resource development,
markets, commodity movements involved in distribution patterns, and other specific
economic factors, was considered to be impractical for reasons that have already been
stressed in foregoing portions of this study. The possibility of combininp a disaggregative
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approach involving detailed commodity analysis of specified regions along with an
aggregative approach with respect to the remainder of the regions was considered and
rejected. It was felt that this would unduly warp the total forecast by overemphasizing the
more predictable events that might be associated with the regions subjected to such an
analysis at the expense of the unpredictable events associated with the other regions.

The method employed to manipulate the data pertinent to the potential tonnage
forecast is the normal one employed in the aggregative technique, i.e., statistical regression
analysis. This measures the change in one or more variables involved in the dynamics of the
aggregation against the change in others to test the degree of correlation; the statistical
validity is measured by the correlation coefficient.

Fifteen geographic regions were identified, aggregating the total of nations that have
produced all Panama Canal commercial ocean tonnage. These regions are shown as follows
in order of importance with respect to volume of cargo by origin in Fiscal Year 1969: East
Coast United States, West Coast South America, East Coast South America, Japan, West
Indies, Europe, West Coast Canada, West Coast United States, Asia (less Japan), Oceania,
West Coast Central America/Mexico, East Coast Central America/Mexico, East Coast
Canada, Africa, and Asia (Middle East). Time series data for the period 1950 through 1967
were developed for each region consisting of the regional product, the per capita product
and tonnage exports through the canal. The data were manipulated in various ways to
obtain an acceptable degree of correlation for forecast purposes. The approach which
produced a high degree of correlation was that which related the gross product of each
region (the independent variable) to the cargo originating from that region for export
through the Panama Canal to a regional destination (the dependent variable). rhirteen of
the 15 regional models had correlation coefficients over .8; only one model (West Coast
United States) was inadequate. The observation of such a preponderance of valid statistical
relationships derived from a single independent variable is sigrdificant. The West Coast
United States model's correlation coefficient could undoubtedly be improved by increasing
the complexity of the equation, but such an approach would conflict with the logic of the
forecast and would increase the likelihood of error in estimating the growth of the
independent variables.

Japan required special consideration because its phenomenal economic growth
subsequent to World War II has had a disproportionate effect upon the growth of Panama
Canal traffic. This dominant influence has been discussed in some detail in the Economic
Considerations section of Clapter IV. Table IV-15 further illustrates its impact on the
aggregate of ail commercial shipments through the canal in the past two decades. The table
shows that shipments of commercial cargo to Japan increased from approximately 2 million
long tons in 1950 to 33.5 million tons in 1969, of which approximately four-fifths
originated on the East Coast of the United States. The tatle also indicates that shipments of
commercial cargo from Japan increased from a little more than 200,000 long tons in 1950
to 7.4 nwi'.ior tons in 1969, of which approximately three-fourths was enroute to the East
Coast of the United States.

This rapid growth in canal cargo shi?,ments to Japan during the past ten years, from 8
million tons in 1959 to 33.5 million ton, in 1969, has been coincident with and was caused
primarily by the tremendous expansion of th,; Japanese steel industry, which depends upon
imports of raw material, particularly coking coal, iron ore, and scrap metal. Approximately
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TABLE IV-15

ROLE OF JAPAN IN PANAMA CANAL TRAFFIC
FISCAL YEARS 1950 THROUGH 1969

(Millions of Long Tons of Cargo)

Fiscal Total Commercial To* From* Total
Year Ocean Traffic Japan Japan Non-Japan

1950 28.87 1.99 .22 26.66
1951 30.07 2.69 .33 27.05
1952 33.61
1953 36.10
1954 39.10
1955 40.65
1956 45.12 6.34 .88 37.90
1957 49.70 9.38 .82 39.50
1958 48.12 7.83 .67 39.62
1959 51.15 7.97 1.11 42.07
1960 59.26 10.99 1.22 47.05
1961 63.67 14.20 1.13 48.34
1962 67.52 16.50 1.25 49.77
1963 62.25 13.70 1.75 46.80
1964 70.55 17.78 2.03 50.74
1965 76.57 17.91 3.45 55.21
1966 81.70 19.59 4.87 57.24
1967 86.19 24.09 4.77 57.33
1968 96.55 32.16 5.96 58.43
1969 101.39 33.56 7.40 60.43

"Specific data on shipments to and from Japan rnjt available for Fiscal Years 1952-1955, incl.

SOURCE: Panama Canal Company Annual Reports

1 5.7 million tons of coal were shipped through the Panama Canal to Asia in i 969, with the
vast bulk of this commodity moving from the East Coast United Erates to Japan. Other
important commodity movements to Japan tonnage-wise inclu -*- grains of various types,
scrap metal, and phosphate rock. In more recent years the surge in shipments from Japan
has consisted primarily of manufacturers of iron and steel destined for the East Coast
United States.

The main thrust of Japanese economic progress during the past decade or so has been
achieved through intensive domestic investment (particularly in plant and equipment) to
exploit a rapidly expanding domestic market created thro,,,h increases in real income and
low rate of population growth. Although the pattern is expd,;ted to continue for the short
range, eventual diminution in the surplus rural labor supply is expected to cause inflationary
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pressures. Additionally, the long-range prospects foi real product growth must consider the
critical limitation of land. The historic advantages of technological advance will probably
not continue to propel the Japanese economic development along past lines of growth. It
was decided, therefore, to assume a gradually declining product growth rate for Japan to 5%
by the year 2000 which is reflective of such aforementioned institutional and economic
constraints expressed in performance levels exhibited by other maturc island nations such as
Great Britain. This resulted in a lower figure of cargo tonnage generation from Japan.

Trade between Japan and the United States will continue to exert a dominant influence
on oceanborne trade and interoceanic canal traffic. 'he two nations are each the largest
overseas trading partner of the other but the balance of trade has shifted progressively and
dramatically in Japan's favor. The United States had a trade surplus with Japan throughout
the post-war period through 1964. In 1965, the United States had a $376 million deficit
which expanded in 1969 to $1.4 billion. This .rend will continue for the foreseeable future.

The factors leading to this reve-sal are complex but are related basically to Japanese
investment in key export industrie,, rapidly rising Japanese industrial productivity, and
concentration upon the United States as the major export market. At the same time, the
continued high rate of United States economic growth has stimulated imports and domestic
inflation has contributed to the steadily "-,teriorating ability of the United States to
compete in the world and Japanese markets.

The United States is by far Japan's largest trading partner and furnishes historically
about 25% (1969: $3.5 billion) of Japan's total import requirements. U.S. exports to Japan
follow a consistent pattern coriposed primarily of agricultural commodities, machinery and
transport equipment, chemicals and fuels. Certain regions of the United States, ,.uch as the
wheat producing areas of the Mid-West, rely heavily on exports to Japan. Although the
pattern of U.S. exports to Japan has been generally constant, important changes have takenplace in its composition. U.S. agricultural exports continue to loom large, for example, but

the products have changed. Our exports of raw cotton have declined in recent years, but
have been more than compensated by shipments of soybeans, feed grains and logs.

Although the two-way trade has continued to expand rapidly since 1964, Japan's
exports to the United States have increased at a more rapid rate and reached $4.9 billion in
1969. Japan's shipments to the United States consist primarily of finished goods, which
have shown a steadily growing diversity and a marked change in emphasis. Many of the more
traditional exports have declined and been replaced by iron and steel, automobiles and
electronic items. Further expansion in United States-Japan trade can be expected as U.S.
producers attempt to meet the needs of Japan's expanding industrial and mass-consumption
society and Japan's export industries, geared to the U.S. market, seek to utilize and expand
opportunities.

There are no current indications of diminishing growth of canal traffic to and from
Japan. In this connection, Australian Government officials predict that Japan's steel
production and requirements for coal imports will continue to surge - at least for the near
range, and that Australia's share of the Japanese coal import market will not impact against
the U.S. portion of the market. If this trend continues over the long range, and other
possible constraints on U.S. coal exports to Japan do not materialize, it will lend substantive
support to the potential cargo tonnage forecast - at least in an implied way as concerns the
aggregate forecast of tonnage from the U.S. Fast Coast (coal shipments to Japan being the
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most. significant commodity tonnage-wise). Even if Japan's dependence z.i U.,-. raw
materials (cooking coal and metal scrap) for expanding industrialization should diminish in
the future, there are other significant bulk commodities such as grains and phoiph?,•e rock
that have a potential for increasing volumes of shipments through a canal to Japan.

Using the correlations and forecasts of world and regional product available from U.S.
Government and United Nations sources, forecasts of commercial traffic available to a
transisthmian canal were made. The "best fit" curve analysis of the 1950-1967 data
projected by the foregoing method resulted in a forecast of 355 million tons of Potential
commercial canal traffic for the year 2000. The detailed forecast is shown in Table IV-16.
Total yearly traffic was obtained by adding 2 million long tons to the commercial traffic to
account for a peacetime level of U.S. Government use.

It is endiphasized that a wide range of variations within some of the 15 regional
projections could be statistically and judgmentally supported. For example, the statistically
derived forecast of 58.6 million tons of cargo '.-iginating in West Coast South America
(Table A3-60), West Coast South America, Curve: 3) could be optimistic, especially if recent
discoveriej of oil in Colombia and Equador do not result in significant oil shipments through
an interoceanic canal to the Atlantic Basin. On the other hand, the forecast of 3.5 million
tons of cargo originating in West Coast USA (Table A3-56, West Coast USA, Curve: 3) in
year 2000 could be pessimistic in view of th.• possibility that the recent discoveries of large
oil deposits on Alaska's North Slope could result in major oil shipments through a canai on a
random basis. Therefore, the forecast pertaining to each regional component is not
presented as being categorically precise. However, each is presented as sufficiently sound in
concept that variations are just as like'y to be above the projection as below it; hence, the
total of the forecast for the fifteen regions out to the year 2000 has as high a degree of
reliability as can be given any such long-range forecast.

From tht; year 2000 to 2040, a curve of ui,f)rmly declining rate (or slope) was
constructed such that at year 2040 the rate of increase is zero. The commercial ocean
tonnage derived for year 2040 is 776 million tons to which two million tons are added for
non-commercial cargo to give 778 million tons as the total tonnage. The "bending down" of
the rate of growth in this period resulted basically from inability to forecast world trends
from 30 to 70 years into the future. Many aspects of world development could have a
profound effect upon iceanborne trade. Populations, availability of natural resources,
industrial and agricult'.ýral development, technological innovations - all could have effects
which would maintain or diminish the rate of growth of potential canal tonnage existing at
year 2000. The results of alternative assumptions of uniformly declining rates of growth
between years 2000 aiii 2040 are shown in Figure IV-4. The mean curve diminishing to zero
percent rate of growth at 2040 was selec leo as a conservative growth estimate for the period
2000 to 2040. The potential tonnage wilifl would pass through an interoceanic canal -t
yea- 2040 is thus forecast to be about seven times that presently passing through tht
Panama Canal.

A considerably lower forecast would not allow for the possibility of significant unusual
growth of commodity movements to and from regions other than Japan in an expanding
world economy. However, it should be pointed out that foreign markets now closed to
United States trade, such as Communist China, North Korea, North Vietnam, and Cuba,
could exert a positive influence on the growth of interocesnic canal traffic in the future.
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TABLE IV-16

POTFNTIAL CARGO TONNAGE FORECAST'
(Millions of Long Tons of Cargo)

Region of Origin 19702 1980 1990 2000

Atlantic Basin
East Coast USA 32.5 53.5 82.3 122.1
East Coast Canada 1.2 2.0 3.3 5.2
East Coast Central America! 1.0 2.1 4.2 7.8

Mexico
East Coast South America 10.1 15.6 21.1 26.6
West Indies 6.7 9.3 11.9 14.5
Europe 4.6 6.8 10.4 16.0
Asia (Middle East) - 0.1 0.1 0.3
Africa 0.3 0.6 1.0 1.5

TOTALS 56.4 90.0 134.3 194.0

Pacific Basin
West Coast USA 6.1 5.6 4.8 3.5
West Coast Canada 5.8 8.3 12.0 17.8
West Coast Centra! America/ 1.9 3.5 6.5 11.7

Mexico
West Coast South America 15.4 24.1 37.6 58.6
Oceania 2.9 4.3 6.4 9.6
Japan 5.8 14.4 28.8 50.0
Asia (less Japan) 2.9 4.3 6.6 10.2

TOTALS 40.8 64.5 102.7 161.4

GRAND TOTALS 97.22 154.5 237.0 355.4

NOTES: 1Tonnages shown are for commercial cargo. For total cargo add 2 million tons to the Grand Totals for
each forecast year

2Sea note for Table IV-14.

Other markets in the Pacific Basin, such :.s Taiwan and Southeast Asia, have potential for
exponential growth of canal traffic. The Australians mention interesting possibilities of
future interoceanic canal shipments of coal and iron ore to Europe. Again, it is axiomatic in
a long-range forecast of this nature that predictable events normally have a dewnw:rd bias
while the unpredictable events and forces and trends result in substantial increases in
economic growth and world trade.

Further details of the forecast are contained in Appendix 3, Isthmian Canal Potential
Tonnage Forecast.
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Low Tonnage Forecat
The low tonnage forecast of approximately 250 million tons of commercial ocean cargo

by the year 2000 is based on separate forecasts of Japan trade and all other commercial
cargo. The rationale for. the forecast is derived from an analysis of Panama Canal cargo
tonnage movements between 1950 and 1969. The first premise of the rationale is that canal
tonnage to and from Japan grew at an exponential rate and will continue to do so at a
gradually declining rate until 1985, after which it declines rapidly and stabilizes at 100
million tons by 2010. The second premise is that all other commercial tonnage through the
Panama Canal grew at an arithmetic rate and will continue to do so up through the year
2040. In order to provide an allowance for uniforeseeable trends, an additional 0.5% of the
total Japan and non-Japan commercial cargo is added yearly as a part of the forecast,
starting with 0.5% in 1971.

The low tonnage forecast assumes that all cargo movements to and from Japan will
i•ncrease from the 1969 level of 41 million tons to a maximum of 100 million tons in the
year 2010. While substantial absoiuie gro-wh wvil be. experienced for the short range, a
declining growth rate will result in approximately 90 million tons in the yua- 1985.
Thereafter, the rate slowly declines to zero growth in 2010. The trend of growth of
shipments to and from Japan is derived by the equation as follows:

Y= 100+ 1.0+log -1 (Year- 1972"

where Y reflects millions of long tons
in any designated year.

The forecast does not make a distinction between Japan's imports and exports in canal
trade. 'However, one of the underlying assumptions is that there are predictable limits to
Japan's ability to expand its export trade, especially to the United Statcs. The absolute
ceiling on interoceanic canal shipments originating in Japan would probably fall in the realm
of 35 million tons by the year 2000. The major commodity beinig shipped from Japan
would continue to be manufactures of iron and steel destined primarily for ports in the
East Coast United States, East Coast Latin America, and Europe.

Another basic consideration underlying the low tonnage forecast is the assumption that
the growth of shipments to Japan will level off towards the end of the century, achieving a
probable ceilinr of about 65 million tons per year from then on. This gives recognition to
the fact that the rapid growth in canal cargo shipments to Japan was caused primarily by
raw material requirements for the Japanese steel industry (coal, iron ore, and metal scrap).
Japan has not had access to Asiatic mainland sources of raw materials since World War 11
and has had to draw upon sources in the Atlantic Basin to satisfy the burgeoning demand. In
ricent years, however, the Japanese steel industry has taken effective steps to obtain raw
materials from the Pacific Basin, particularly from Australia and West Coast Canada.
Long-term contracts have been entered into for iron ore from mines under dcvelopment in
Western Australia aiid for the opening up of mines and shipment to Japan of coal from
Queensland. It is the policy of Japanese industralists to diversify the sources of supply of
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their raw materials as widely as possible. It is possible, therefore, that the Japanese steel
industry will reduce its dependence upon sources of raw materials that have required
shipment through the Panama Canal from Atlantic ports.

The second major element of the low tonnage forecast pertains to all commercial cargo
shipments exclusive of tonnage movements to and from Japan. The proje .tion of this
segment of canal traffic, which is based on a statistical analysis (using a least squares
arithmetic fit) of such shipments during the period 1950-1969, amounts to approximately
118 million long tons of cargo in 'the year 2000. As mentioned previously, it discounts the
possibility of any unusual grovth of trade alon7 specified routes other than those involving
Japan.

The statistical rationale for this porticrn o& the 'orecast is as follows. The growth of
commercial cargo shipments through the Panama Canal to and from all regions other than
Japan is well defined by tie following linear relationship, determined by least squares
analysis:

Y = 24.1 + 1.85 C(ear - 1949)

where Y reflects millions of long tons in an-" designated year. The validity of this equation is
shown by the close agreement betweer the totals in Table IV-1 7 for successive five-year
periods.

TABLE IV-17

COMMERCIAL TRAFFIC EXCLUSIVE OF JAPAN TAADE
(Millions of Long Tons)

Computed by Equation

Five-Year Period Actual Y 24.1 + 1.85 (Year- 1949)

1950- 1954 146.7 148.2

1955-1959 193.2 194.5

1960-1964 242.6 240.7

1965-1969 287.7 287.0

TOTALS 870.2 870.4

Extrapolation of this growth at the same arithmetic rate results in approx;mately 118
million tons as the probable amount of commercial cargo through an Isthmian Canal in the
year 2000 that would neither originate in nor be destined for Japan. Continued projection
to the year 2040 amounts to approximately 193 million tons for this component of canal
traffic.
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The remaining element of the low tonnage forecast of commercial cargo comprises the
cargo tonnage category that provides an allowance for unforeseeable trends. This amounts
to approximately 33 million tons of commercial cargo in the year 2000 and 10 3 million
tons in the year 2040.

Non-commercial traffic is projected at approximately 2% of commerical cargo under
normal conditions (i.e., no major hostilities such as Southeast Asia).

The summary of the low tonnage forecast is depicted in Table IV-I 8. A more detailed
summary is contained in Table A3-67 in Appendix 3.

TABLE IV-18

LOW FORECAST OF CARGO TONNAGE FOR A TRANSISTHMIAN CANAL

(Millions of Long Tone of Cargo)

Category Fiscal Year

1970 1980 1990 2000 2010 2020 2030 20 40

Commercial Cargo
to and from Japan 41,5 79.7 35.5 99.2 100.0 100.0 100.0 100.0

Non-Japan Commer-
cial Cargo 63.0 81.5 100.0 118.5 137.0 155.5 174.0 192.5

Unforeseeable
Commercial
Cargo Trends - 8.1 19.6 32.6 47.5 63.9 82.2 102.5

Non-Commercial
Cargo 7.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

TOTAL ALL CAPRGO 111.5 171.3 218.1 254.3 289.5 325.4 363.2 403.0

The low tonnage forecast is consideiod. to be unduly restrictive for long-term canal
capacity planning purlTues. While it has validity for conservative, alternative revenue
planning purposes, it is offered as a less reasonable expectation of future interoceanic canal
traffic than the potential cargo tonnage forecast It should be noted that the growth trends
of the low tonnage forecast approximate those of the potential tonnage forecast to the
mid-I 980s, (See Tables A3.3 and A3-67 in" Ap1 pendix 3). The tonnage totals for each are
about the same for the year 1985. Beyond this point the growth rate for the low forecast
declines rapidly while gradually declining exponential growth characterizes the rate of
growth of the p'otential tonnage forecast. This fither illustrates the difficulty of making
long-range forecasts with any assurance of precision. Broad as3umptions , iust be relied upon
as the forecast period is extendcd, and differinn assumptions produce widely differing
resulPs.
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Shipping Trends
Harbor and F 4 Development
The economies of scale of the superships in the transport of dry and liquid bulk cargoes

are such that the provision of terminal facilities for them near the sources and destinations
of such cargoes is inevitable. The next phase of the worldwide evolution of ocean transport
is expected to b," the modernization of port and harbor facilities, the construction of
offshore terminals, and the deepening of waterways to accommodate larger cari-ers. This
trend is already evident and pressures are mounting in the United States for greater
participation in port develrpment. A detailed discus :n of U.S. and foreign port
development activities is given in Appendix 4, Harbor and Port Development.

Europe already has more than a dozen ports which can accommodate ships of 100,000
DWT. The one at Ireland's Bantry Bay handles tankers of 326,000 DWT and Rotterdam will
soon have accommodations near this size. Japan is already using 150,000 DWT dry bulk
carriers and is planning terminals for 300,000 DWT tankers. Canad& is building for 150,000
DWT coal carriers at Vancouver and is planning deep draft ports on her Atlantic coast.
Australia, Brazil, and many other maritime nations have deep ports in various stages of
develcpmt,.,'a "Tre United States at present has only three ports in which a vessel of 100,000
DWT size can be fully loaded at berth. These are the petroleum berths at Los Angeles and
Long i3eavh and a grain berth at Seattle. However, plans are in various stages of Jevelopment
for deep ports or off-shore terminal facilities ih: Maine, Delaware Bay, New Jersey, Maryland,
Virginia, and Louisiana. The accommodations envisioned range from 100,000 DWT up to
250,000 DWT. United States port authorities and ship operators have recognized that the
United States is at a competitive disadvantage in exporting and it:porting bulk commodities
and are moving to close the gap. Although most existing U.S. ports cannot be economically
deepened to accommodate superships, it appears certain that regional ports or off-shore
deep water terminals will be developed along all three U.S. Coasts n the coming years.

Projected Ship Sizes and Distribution for the World Merchant Fleet
As a fundamental step in the development of projections of potential canal traffic and

tolls, it was necessary to forecast the sizes of ships in the world fleet and their distribution
through the year 2040. Because of the extended nature of the forecast, mathematical
projections of past and present ship size and ship population tren s were developed and
used to make the forecast. The projections were constrained where r-actical limitations of

draft with respect to the trade were considered unlikely to change.
Using data obtained from Maritime Administration statistical summaries of the world

merchant fleets and from classification society registers, values of yearly average and
maximum sizes of freighters, bilk carriers, and tankers were determined and plotted. Curves
of average and maximum sizes versus time were then determined by the mi, hod of least
squares and projected to the year 2040. Separate curves showing the distribution of tonnage
in the world fleet from 1956 through 1964 were constructed and a base distribution was
fixed from the year 1960. Subsequent projections of distributions were made through the
use of the ratio of the projected average to the projected maximum size, in comparison with
the ratio existing in 1960.

The physical constraints considered in the projections of maximum sizes are as follows:
for freighters, a limiting draft of 40 ft. for harbor access in conjunction with the high
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An offshore loading facility ten miles off the coast of Kuwait
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volume of shipboard caigo space required for low-density cargo resulted in an estimated
practical limit of 50,000 DWT; for tankers, a loaded draft limitation of approximately 100
ft. coupled with problems of adequate maximum size of !.000,000 DWT; bulk carriers were
considered to require access to mainland terminals for loading and unloading and were
therefore ioad draft limited to approximately 70 ft., with a resultant maximum tonnage
constraint of approximately 400,000 DWT.

It should be noted that the projection of both the average and maximum sizes are
basically extensions of a best-fit smooth curve of past experience. Inasmuch as this
approximates continuing zig-zag type patterns of growthi w the past, it can be expected that
short-term spurts of growth and subsequent slow-downs wili also occur in the future and
will depart periodically from the projected curves. Howtver, (,n a long-term basis, it is
expected that the projections will be reasonably accurate forecasts of general trends.

Tables IV-19, IV-20, and IVT21 show projected ship size distribution from 1970
through 2040 for tankers, bulk carriers, and freighters, respectively. Figures IV-5, IV-6, and
IV-7 show the approximate dimensions of tankers, bulk carriers, and freighters, respectively,
resulting from the deadweight tonnage figures listed in the ship size distributioli tables.

Projected Ship Sizes and Distribution for Interoceanic Canal Traffic
The sizes and distribution of commercial vessels that will use a future sea-level Isthmian

canal will be determined by its physical capacity, tolls, and the availability of economic,
alternate routes and methods of transportation. Experience in the existing Panama Canal,
the Suez Canal, and other canals world-wide has been that the largest ships that can safely
use these canals do so. In the Panama Canal, the size of transiting freighters and dry bulk
carriers ha- averaged substantially higher than the average of distribution in the world fleet
below the 65,000 DWT maximum size that can transit the canal. The average size tanker is
smaller.

Prior to Fiscal Year 1968, the Panama Canal commercial ocean traffic experience was
recorded under four ship types - tankers, ore ships, passenger ships, and general cargo ships.
Beginning in Fiscal Year 1968, the ship classes were further subdivided to report separately
combination carriers, container cargo ships, dry bulk carriers, and refrigerated cargo ships in
addition to ore, passenger, general cargo, and tank ships. These subdivisions allk" "d
identification for the first time of the role of the three general ship classes established by the
Maritime Administration for Tables IV-I 9 to IV-21 and used in this study - freighters, dry
bulk carriers, and tankers. All traffic other than commercial ocean traffic identified by these
three ship classes has been inc~uded in the freighter class. On the average this other traffic
has the same operating characteristics as do the commercial ocean freighters (i.e., similar
efficiency, average DWT. and average toll per ton of cargo). The analysis of cargo mix, ship
efficiency and average toll per ton is thus largely based on Fiscal Year 1968 and the first
half of Fiscal Y1'ar 1969 Panama Canal experience. The results of the 1968-1969 analysis for
these four variables are given in Table IV-22. For the pur*oses of comparison, the records of
commercial ocean traffic were examined for two ship classes, general cargo ships and
tankers. The results are presented in Table IV-23.

Cargo Mix
The cargo mix is the percentages of the total annual cargo tonnage carried by each of

the three general ship classes - freighters, dry bulk carriers, and tankers. The recent history
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TABLE IV-22

PANAMA CANAL EXPERIENCE FY 1968 AND FIRST HALF FY 1969

FY 1969 18 Months
Cargo Mix (%) FY 1968 (First Half) Average

Freighters 47 45 46
Bulkers 36 39 37
Tankers 17 16 17

Efficiency (Cargo Tons/DWT)

Freighters .41 .41 .41
Bulkers .70 .73 .71
Tankers .50 .47 .49

Averp DIWT

Freighters 10,600 10,600 10,600
Bulkers 26,900 27,700 27,200
Tankers 17,800 18,000 17,900

Average Toll per Ton

Freighters $1.12 $1.12 $1.12
Bulkers .60 .62 .61
Tankers .83 .87 .8.•
All Ships .88 .8V .88

NOTES: Oulkers we the dry bulk, combination dry bulk and ore ships included in commercial ocean traffic.
Tankers are the tank ships included in commercial ruen trfic. relghtm u,. the general cargo,
paeaenger. refrigerator, and container ships included in commercial ocean traffic, plus all other
Panama Canal traffic not considered as bulkers and tankeri.

of Panama Canal commerzial ocean traffic cargo mix hi plotted on Figure IV-8. The tanker
tonnage has shown a slow growth to a high of 22 per cent of the total transited in
1965-1967 with a nineteen year average of 17 per cent. 'i'he 1968-69 average of 17 percent
has been selectod for the projection of tan!-er carjo mix, ai:d is assumed to remain constant
throughout the period of the forecast. Figure IV-8 also shows the steady large role of the
general cargo ship class until the dry buiker-freighter classification was first made in 1968.
Two possible cargo mix projections w.re exanined. The "4g6 per cent Freighter Mix"
assumes that c'trrent trends of the mix will continue throughout the future period. This is
illustrated in Figure IV-'). The "25 per cent Freighter Mix" shown in Figure IV-10 assumes a
decline in the share of tonnage 'arnied in freighte-s and a -orre:-porvdirg increase in that
carried in bulkers. Assigr~ment of an increase to tankers need not be considered since such
an increase makes no significant difference in the end result of transits and revenues. The
two cargo mix projections are recordee in rable A 1-4. The implications of the 46 per cent
mix is a relatively large number of total transits as compared to the 25 per cent mix.

IV-78



4

2 LA

4ci c4c nc)v rL nc ,a or ,c r

Ici

z- . . . . . . .

2 1

j w
w ~Lfl LO I.Ln Ln ) U VVI I n

.j . . . . . . .
< C
2

< x

IV-71I



l00~ tO ** THERS*. .. a

48 FREIGHT.
z
2 E RS

2 60

0 GENERAL CARGO
140z

BULKERS
S20 -

a. *TANKERS TANKERS
01 1 I 1, - I T ~ I I I I ___

1960 1965 1960 .'370

CARGO MIX - PANAMA CANAL
FIGURE IV-8

100

800
zFREIGHTERS 40%

z
0 6
LL
0
Z 4C

wBULKERS 37%
20

CLTANKERS 17%
0 1 .- 1I
1970 2000 2020 2040

CARGO MIX 46% FREIGHTERS

FIGURE IV-9
100

LuFREIGHTERS 25%
~80-_ _ _

0 60 BUKR 8
0
Lu

TANKERS 57%
0 40I

FIGURE IV-10

IV-80



Ship Efficiency
A ship efficiency was assigned to each ship class by defining an index as the ratio of

total annual cargo tonnage to total annual deadweight tonnage transited. Since DWT
transited is not readily available for the Panama Canal, the Panama Canal Ton (PCT) was
related to a deadweight ton (DWT) from a listing of 1966 Panama Canal traffic by ship
xme, type, PCT and DWT. The data are plotted in Figure Al-6. The relationship of
PCT/DWT obtained showed that 1 PCT = 2 DWT for all major ship classes. (Exceptions:
Passenger ships, I PCT = .6 DWT; container ships, I PCT = 1.1 DWT.)

Using the foregoing relationships for PCT/DWT and current Panama Canal records of
PCT and total cargo tonnage, the ship efficiencies listed in Tables IV-22 and IV-23 were
computed. The general cargo ship efficiency remained quite stable during the pediod
1951-1967 and ari average of .51. The tanker efficiency varied between .4 and .6 as the
relative number of ballast transits changed, with an average value of .53 for 1961-69.
Althoagh the past eighteen months average (.49) is below the nineteen year average, it is
well within the range of past fluctuation, and has been assumed to prevail for the future
projections. For freighters and dry bulkers, the last eighteen months averages were also used

.41 for freighters and .71 for bulkers. The long-term stability of the general cargo ship
classification gives confidence to these values.

Average DWT for a Sea-Level Canal
Maritime Administration world fleet size distribution projections for each of the three

types of ships are plotted in Figures Al-7, AI-8, and AI-9. The world fleet average ship size
is projected to grow along line WF. The current average Panama Canal ship for each ship
type is indicated at level a -a. These average sizes were obtained from 1968-69 Panama Canal
data and recorded in Table IV-22. Figures AI-10, AI-l 1, and AI-12 expand the portion of
the previous figures in the range of the average canal ship. Again, WF - World Fleet Average
Shit' and a '-a is the present Panama Canal average. The growth of the average sea-level canal
ship is indicated on the figures and is recorded in Table IV-24.

In the case of freighters, the present average canal freighter falls in the 33rd percentile
of the world fleet distribution. This relationship is assumed to continue and the growth of
the average freighter size in a sea-level canal will be along a-b, Figure AI -10. The maximum
size limitations of the Panama Canal and any sea-level canal are not expected to restrain this
growth.

"The present average Panama Canal bulker is in the 16th percentile of the world bulker
fleet size distribution. It was assumed that the average size of the bulker would grow along
the 16th percentile line of that part of the world fleet smaller than the design ship (i.e.,
65,000 DWT for the present canal, up to 250,000 DWT for the largest canal). Thus, the
growth of the average size bulker which would pass through a sea-level canal is expected to
be modified by the maximum size ship that can be accommodated by the canal. With the
present lock canal size limit of 65,000 DWT, the bulker average size will grow along the line
a-f, Figure Al-I 1. This growth is less than that for a larger canal, such as 250,000 DWT
maximum ship case shown at a-b.

This same effect on growth is seen for tankers in Figure Al-12. However, in this case
the present average canal tanker is in the 65th percentile. Since it is expected that the future
average canal tanker will at least approach the median of that part of the world tanker fleet
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which can pass throngh the various canal options, the percentile in which the average canal
tanker is placed was changed from 65 per cent in 1970, to 60 percent in 1980, 55 per cent
in 1990, ,aid to 50 percent in 200 and thereafter.

Average Toll Per Ton of Cargo
Tables IV-22 and IV-23 record the averal;e toll per ton of cargo for each of the three

types of ships from Panama C.-A,, .,xv,erience. 7he average toll for the canal as a whole is
obtained by weighting the individual averages by the cargo mix percentage. Table IV-25
gives the results of these computations for the two cargo mixes considered.

Transit Projections for All Canal Options for Capacity and Revenue Planning
The computations of the transit requirements for capacity and revenue planning

purposes were carried out for the potential cargo tonnage forecast contained in Table IV-I 4,
using the two cargo mixes contained in Table i j-4. For each combination of tonnage
projection and cargo mix, the cargo was assumed to be carried on ships whose size was less
than a given maximum ship size. This maximum size was successively established at 65,000,
100,000, 150,000, 200,000, and 250,000 DWT. "ilhe t(5,000 DWT limit corresponds to the
presert Panama Canal. A 26,800 annual transit capacity was used for this case. For the
remaining maximum ship sizes no transit capacity limitation was applied. Table !V-26
records the transit requirements for the various cases examined in connection with the
potential tonnage forecast. These data are plotted in Figure IV-1 1. The top of each band is
for the 65,000 DWT maximum ship size, and the bottom of the band is the 250,000 DWT
case, with the remaining cases falling within the band.

Transit requirements were also computed for the low tonnage forecast contained in
Table IV-14 for comparison purposes. However, it is emphasized that the low tonnage
forecast is presented primarily to illustrate the possibility of lower revenues and to be used
for an analysis in depth of the financial feasibility of a sea-level canal rather than for
capacity planning purposes. Transit requirements for the low tonnage forecast are recorded
in Table IV-26 and plotted with dotted lines in Figure IV-l 1. The low tonnage forecast
assumes, among other factors, that a great volumv of dry bulk cargoes in tt" higher
potential tonnage forecast will not move through an iriteroceanic canal. Therefore, only the
46% freighter cargo mix is considered for purposes of transit requirements.

The following observations can be made concerning these data:
a. The maximum ship size to be accommodated makes relatively little difference in

the numbers of transits required.
b. The present Panama Canal transit capacity :f 26,800 annual transits is reached

between 1989 and 2000 for all cases considered in cc - :- tion with the potential tonnage
forecast; in the case of the low tonnage forecast it is no 4,i:. .hed until about the year 1997.

c. The cargo mix has a ctnsiderable effect on trat V'• 7,quireme'nts.
Potential revenue projections related to the transt vc t, t arc discussed in Chapter

V, Potential Revenue for use of a Sea-Level Canal, T..e datail0 development of the
foregoing transit projections and the associated revenue projecti,. s are contained in
Appendix I, Methodology for Computation of Projected Canal Traffic :.nd Revenues.

It should be noted that the tonnage and traffic projections of the Potential Tonnage
Forecast from years 2000 to 2040 are based on a r.Je of growth which is assumed to decline
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uniformly to zero at year 2020. The maximum number of potential transits at year 2040
under this assumption is calculated to be close to 68,000. If the rate of growth were
assumed to decline uniformly to two percent at year 2C4u, ,'ahe ,maximum number of
potential transits at year 2040 would then be calculated to be approximately 101,400. The
nmaximum possible demnand for transits at year 2040 is therefore considered to be
approximately 100,000 transits per year.
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Chapter V

POTENTIAL REVENUE FOR USE OF A

SEA-LEVEL CANAL

Introduction and Summary
This chapter estimates the revenue potential of a sea-level canal and evaluates the tolls

system required to obtain various levels of revenue. However, no recommendation is made
as to the most appropriate level of tolls or tolls system.

The estimates of potential revenues in this chapter are provided for determination of
the financial feasibility of a sea-level canal. Financial feasibilit, is established if the
projected level of revenue is greater than the cost of rendering the service. The findings are
therefore not directly relevant to the much broader economic question of the value to the
U.S. and the world that might be created by the construction of a new canal.

An estimate of the potential revenue based on the existing Panama Canal tolls rates can
be made with a reasonable degree of confidence. However, attempting to estimate maximum
revenue is a vci,, different and complex matter involving three independent considerations:
(1) the projected level of traffic; (2) the opportunity to increase the levels of tolls; and (3)
the tolls structure.

The opportunity to increase levels of tolls depends upon the financial attractiveness of
alternatives to the use of a sea-level canal - the sensitivity of traffic to tolls changes.
Although a sea-level canal would be a unique economic undertaking, it would not be a
monopoly but wc,ild compete with various alternatives. In this chapter these alternatives are
evaluated and conclusions are drawn as to their effelcts upon the ability of a sea-level canal
to achieve higher levels of revenue.

In evaluating the alternatives that could compete 'Aitb a sea-level canal, it vas assumed
that the existing Panama Canal would either be closed or operated in conjunction with the
sea-level canal under a single management. Obviously, ,' the existing Panama Canal were
allowed to compete with the sea-level canal, it could ;gnificantly reduce the revenue
potential of the sea-level canal.

Tolls systems for use by a sea-level canal vary in their ability to reflect both the costs of
rendering canal service and the financial benefits accruing to the users. Accordingly, the
level of potential revenue which could be collected is significantly affected by the choice of
possible tolls systems. Traditio.ally, ships transiting the Panama Canal have been assessed
charges based on their internal cubic cargo capacity. The relevance of the current tolls
system to a sea-level canal is discussed in this chapter. In addition, alternate tolls structures
are identified for possibke application and their advantages and disadvantages are evaluated.

This chapter considers only the revenue potential of a sea-level canal. The economic
consequences to the users of tolls increases, changes in the structure of tolls, and other
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factois related to a new sea-level canal are only briefly considered. Obviously, tolls rates and
structure changes may have detrimental effects on the usets and the economics of the
narions served by the Canal. However, there would also be important benefits to many
users, even at higher tolls, in a canal of greater capacity than that of the present canal in
both the number of transits and size of ships that can be accommodated.

As a result of the studies which are discussed in this chapter the following conclusions
have Ieen reached:

1. The traffic level forecast in Chapter IV is not likely to be V.chieved with a new canal
limited to ships of 100,000 DWT or less. Tt is most likely to be achieved by a canal with a
capacity to transit ships of 200,000 DWT or larger.

2. The availability of financially attfactive alternatives to a canal increases as a
homogenous segment of traffic. in terms of a commodity, origin or destination, grows in
size. Accordingly, in a gene-eal sense the revenue potential ( a single huge commodity
movement is significantly less than an equal aggregate of several movements.

. Tolls rates could be increastd by an average of approximately 50% in current

dollars by selective increases of varying amounts under a new tolls system designed to
maximize revenues without markedly affecting traffic growth. Such a system wouid produce
approximately 40% greater revenues.

4. In addition to the potential for increase in current dollars, average tolls could be
increased at a rate to approximate the average inflation of the costs of canal alternatives
with little impact on the vo'ume of traffic.

5. The variations in tolls sensitivities among commodities, ship sizes, and routes would
require modification of the present Panama Canal tolls system to attract all potential traffic
to a new sea-level canal.

6. A marginal pricing system for structuring tolls would produce the maximum
revenues for a sea-level canal.

Revenue Forecasts
Relationship of Traffic Composition and Revenue Potential
The traffic forecast presented in Chapter IV is by region in which it originates. For

purposes of determining revenue potential, it lacks two important details: type of
commodity and destination of traffic.

"Ihe attractiveness of certain alternatives, with particular application to alternative ship
size and pipelines as discussed subsequently, varies significantly by commodity and by
origin-destination of commodity movements. It is apparent that crude oil, coal and iron ore
have the least revenue potential. In addition, the revenue potential of a sea-level canal would
be le~s if future traffic would have disproportionate growth with respect to origins and
destinations wherein the canal would have only a marginal advantage in terms of savirgs in
days. Finally, the opportunity to use alterp-tives such as huge ships and pipelines varies
considerably by the size of the movement. A single homogenous movement of a commodity
from one source to one destination has more opportunity to avoid the canal and thus less
revenue potential than a similar aggregate quantity of several movements. The present
movement of U.S. coal to Japan represents a type of traffic which would offer less revenue
potential.
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Without details regarding the composition of future traffic, it is more difficult to make
judgments of revenue potential. Howeyer, it is reasonable to assume that as the level of
traffic increases, the proportionate revenue yield decreases. Accordingly, the 25% freighter
mix revenue forecast (the lower revenues associated with the potential cargo tonniage
forecast) presented in the following sub-section, entitled "Estimates of Revenue Potential,"
becomes more appropriate as the forecast grows in size. In addition, as the traffic forecast
for a given point in time is increased, the revenue yield for the incremental traffic is
disproportionately lower. These assumptions are reasonable because the larger the total
traffic the greater the probability that it includes huge movements of the type that can most
easily divert a sea-level canal. The greatest revenue potential would be produced from traffic
consisting of a variety of commodities with many combinations of origins and destinations.
Under this assumption, each combination of commodity, origin and destination should
account for a minor portion (perhaps less than 5%) of the -iotal traffic.

Estimates of Revenue Potential
Estimate Based on Potential Cargo Tonnage Forecast
The basis for the baoic revenue forecast is .he potential cargo tonnage forecast

presented in Chapter IV. These long tons of cargo were extended by the average tolls yield
per ton to arrive at the total forecast revenues. The revenue foreczst assumes a new canal
with a capacity to transit at le.st a 200,000 DWT ship.

The revenue forecast is made for two levels of tolls rates applying different tolls
systems: (1) existing Panama Canal tolls rates and system of assessing charges or a
modification thereof; and (2) estimated maximum rates in current dollars by applying a
marginal pricing system. For each level of tolls, two ship cargo mixes were assumed as
previously discussed in Chapter IV: (1) present Panama Canal mix of 46% freighters, 37%I bulkers, and 17% tankers; and (2) possible future mix of 25% freighters, 58% buikers, and
17% tankers. The effect of v-ing two ship cargo mixes is to produce a probable range of
revenues resulting from ship mix including composition of traffic as previously discussed.

For the existing Panama Canal tolls system and rates, one approach to tolls yield
per ton of cargo would be to use the overall averages for the Panama Canal in recent years.
Table V-I presents these data for fiscal years starting with 1952. It should be noted that the
yield is fairly constant during recent years reaching a low for commercial cargo of S.773 per
ton of cargo in 1957 and a high of $.906 in 1963. The variation can be ascribed to two
principal factors: (1) ratio of ballast to laden ships, and (2) extent to which ships are laden
on weight basis.

Rather than using an overall average tolls yield per long ton of cargo, it was
considered more reasonable to develop a yield rate by type of ship. This produces a range of
revenue forecasts as it may be affected by ship mix. Such information is only amailable for
FY 1968 onward and is presented in Table Al-1. The yield rate of bulkers is the lowest
since these ships usually transit fully laden with cargo and have relatively few ballast
transits. The yield for tankers is higher due principally to their higher ratio of ballast transits
to laden transits. Although the tanker when laden with cargo is usuzlly fully laden and is a
very efficient ship for the carriage of liquids, it is an inflexible type of ship which requires a
ballast return voyage. Freighters produce the highest yield per ton of cargo. Although
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TABLE V-1

AVERAGE PANAMA CANAL TOLLS PER LONG TON
OF CARGO TRANSITED

FY 1952 - FY 1969

Fiscal Year Tolls Per Long Ton of Cargo

All Cargo Commercial Cargo Only

1952 .824 .801

1953 .911 .884
1954 .888 .850

1955 .846 .833

1956 .809 .801

1957 .783 .773

1958 .874 .868

1959 .890 .890

1960 .858 .860

1961 .846 .850

1962 .845 .848

1963 .906 .906

1964 .867 .866
1965 .851 .355

1966 .851 .846

1967 .885 .891

1968 .883 .869

1969 .882 .863

SOURCE: Panama Canal Company Annual Reports

freighters have the lowest ratio of ballast to laden transits, they carry bulky light cargos and
are often not fully laden, thus producing the higher toll yield per weight ton of cargo.

Applying the toll yield per long ton of cargo shown in Table Al-I to the traffic
forecast for the two ship mixes results in the reve-ues shown by the two curves for the
potential tunnage forecast in Figure V-I. The lower or 25% freighter mix estimate not only
reflects the possible influence of ship mix on revenues but also the possibility that lower
tolls charges will be necessary to attract traffic that has financially attractive alternatives to
the use of a canal.
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The estimated maximum revenue is based on the ability to increase average rates by
50% while only decreasing the volume of traffic in the long term by 10% and is shown in
Figure V-2. The extent of traffic loss is a function of the tolls system. Obviously a toll
should not be set higher than the benefit to a ship of using the canal or the ship will not
transit. However, as maximum tolls potential is approached there are practical limitations in
the design of a tolls structure. It is reasonable to assume that some traffic will be lost, and
10% was considered as an appropriate estimate when a 50% increase in tolls was projected
for two ship mixes.

In a similar manner to the existing level of tolls, a range of aggregate revenues is
presented at maximum rates. This is necessary since few details are available as to the nature
of the traffic forecast. The potential for revenues from traffic is dependent on its
alternatives to the use of the canal. As discussed subsequently, the attractiveness of such
alternatives varies significantly with ship routing, ship size, and type of cargo. Such details
cannot be forecast so far into the future with any confidence. Therefore, the alternative to
the use of a canal can only be evaluated in a range of probabilities.

Estimate Based on Low Projection of Cargo Tonnage
The basis for the lower revenue forecast is the low forecast of cargo tonnage

presented in Chapter IV. Although the potential tonnage revenues shown in Figures V-I and
V-2 are offered as the more reasonable expectations, the lower revenues are shown to
demonstrate the magnitude of possible financial risk. The methodology employed in arriving
at the lower revenue estimate, which is also shown in Figures V-1 and V-2, is essentially the
same as that associated with the potential cargo tonnage forecast. However, the lower cargo
tonnage forecast on which it is based assumes, among other factors, that a great volume of
dry bulk cargoes in the higher potential tonnage forecast will not move through an
interoceanic canal. Therefore, only the 46% ficighter cargo mix is considered for purposes
of the lower revenue estimation.

Tolls Sensitivity
Synopsis
In one sense an Isthmian canal has an absolute monopoly on a service for ships that

must pass between the Atlantic and Pacific oceans by the shortest route. However, an
Isthmian canal competes with many other means of achieving the same economic result.
This competition consists not only of alternative ship routing and larger ships, but also
competing modes of transportation and alternate sources and markets. The term "tolls
sensitivity" is used herein to describe the potential to increase tolls before the traffic is lost.
(This is known to economists as "price elasticity.")

The question often asked in evaluating the. value of the existing Panama Canal is, "How
much would it cost a ship to go around South Ameiica?" This question assumes that the
decision to transit the Panama Canal is not made until the ship reaches the approaches of
the Canal and that the only alternative is around South America. Quite obviously, before a
ship leaves its port the decision on the route to be followed is determined based on the costs
involved, including Panama Canal tolls. Possibly less apparent but more important is that the
cost of tolls is considered before a ship is built, a contract to sell is signed, banana trees are
planted, or iron ore mines developed.
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The alternatives to the use of a sea-level canal place an upper limit on the canal's ability
to charge for its services. An evaluation of these alternatives is made subsequently in this
chapter. The following is a brief description of the alternatives:

I. Alternative Ship Routing: This is the most obvious way to avoid use of a canal. Its
attractiveness varies by route. For example, ships originating on the West Coast of Panama
destined for the East Coast of the United States have little opportunity for rerouting. In
contrast, ships originating in the Philippine Islands destined for the East Coast of the United
States gain only a marginal advantage by using an Isthmian canal and consequently could
easily be rerouted.

2. Alternative Ship Size: The economies of scale may make alternate ship routing
more attractive with increases in ship size. With the present Panama Canal limited to ships of
about 65,000 DWT, alternate routing with ships double that size can be economically
attractive. However, the economies of scale of ship size tend to level off beyond 200,000
DWT; thus, depending upon the capacity of the sea-level canal, this alternative may have
limited application.

3. General Shipping Services: Shippers operating general cargo ships on scheduled
routes cannot usually select alternative routes or use superships economically. However,
they can minimize the payment of tolls by other means. For example, traffic originating in
the United States Midwest can either go to the United States East Coast or West Coast by
other transportation means for ocean transportation service to Asia. In response to tolls
increases, traffic mnoving to the United States East Coast could be diverted to the United
States West Coast.

4. Alternative Transportation Modes: 114w-%, -.re several alternative transportation
modes which can substitute for canal service. These include a trans-Isthmian pipeline, super
aircraft, and rail service.

5. Alternative Sources and Markets: In order for traffic to transit an Isthmian canal, it
requires that the seller be on one side of the canal and the buyer on the other. There are
commodities where a rearrangement of buyers and sellers could be made to reduce the use
of the canal. For example, Peruvian and Chilean iron ore sold in Europe now transits the
Panama Canal. Europe could obtain more of its iron ore from sources on the East Coast of
Canada and Brazil with a corresponding reduction in canal transits.

6. Alternative Development: Raw materials are the dominant traffic through the canal
in terms of volume. Some of these commodities are available in several places in the world
and development of a source involves the evaluation of all costs including tolls. In response
to tolls increases developers could choose sources that eliminate the need for using an
Isthmian canal.

During its history the Panama Canal has had a fairly dramatic example of a loss of
traffic due to a competing alternative. During the early years of the Panama Canal, U.S.
inteicoastal cargo represented approximately 55% of the total commercial tonnage
transiting the canal. United Stites railroads have effectively competed for this traffic and in
Fiscal Yea: 1969 it comprised only 3.8 per cent of Panama Canal commercial cargo. (Alaska
and Hawaii are included in data for West Coast U.S.)

There are various contradicting but ostensibly valid arguments as to why present
Panama Canal tolls are either insignificant or significant in an economic decision. Arguments
which maintain that Panama Canal tolls are insignificant include:
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1. Tolls represent a very minor portion of the selling price of commodities. To
illustrate: For a ship carrying automobiles the toll is approximately $7 per automobile or
only .35 per cent of a selling price of $2,000.

2. Tolls are only a small percentage of transportation costs and the minimization of
transportation costs may not result in maximum profit to a user. To illustrate: The
development of crude oil involves enormous investment in exploration and development
costs. These are sunk costs which the developer hopes to recover through the sale of crude
oil. Obtaining the crude oil after development is complete almost literally involves the mere
turning of a valve; thus, an oil company may willingly pay large transportation costs
including tolls if a sale can be made.

3. Tolls rates in dollars have remained basically unchanged since the canal opened in
1914. Since that date, there has been significant inflation which effectively has reduced the
tolls in terms of real dollars.

Arguments indicating that present tolls rates are significant include:
1. For low value commodities, the tolls represent a significant percentage of the

delivered cost. To illustrate: For crude oil selling for $10 a ton Panama Canal tolls are
approximately $.70 a ton, representing 7% of the delivered cost.

2. Tolls represent a significant amount of a ship's operating cost, and the percentage
increases as the ship size increases. To illustrate, for foreign flag ships operating between the
East Coast of the United States and Japan, which is the most important route in volume of
cargo moving through the Panama Canal, the following comparison is made for bulk carriers.

Operating Cost* Tolls

Ship Total One Way
DWT Daily Voyage Amou~nt % of Cost

25,000 $3,600 $ 90,000 $11,000 12%
50,000 4,800 120,000 20,000 17%100,000 6,000 150,000 40,000 27%

Sincludes cost of capital investment end all other costs except tolls, The 100.000 OWT is included since it could use new
me-level canal; however. it cannot trnsit the preeent canal.

The arguments regarding the significance or insignificance of Panama Canal tolls do not
place them in proper perspective. In the long run, the willingness of a user of a canal to pay
tolls will depend almost solely upon the cost of alternatives. Minimization of any cost can
substantially increase a canal user's profit. Accordingly, each will take tolls into
consideraition as one factor in his decision. The availability of alternatives to the use of the
canal varies significantly not only among commodities but also among shipping companies,
shippers, and combinations of buyers and sellers. The issues are so complex that only
generalizations can be made at present, let alone making extrapolations into the distant
future.
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The discussion below examines in detail previous studies of Panama Canal tolls
sensitivity and the alternatives to the use of a canal based on the economics of known
technologies. In summary, the studies of the various alternatives to the use of a canal as they
relate to the revenue potential of a canal indicate the following:

1. Alternate Ship Routing: This alternative is not a significant factor either in
maintaining existing Panama Canal tolls rates or in increasing rates by 100% or more for
ships up to 50,000 DWT and by 25% for larger ships.

2. Alternate Ship Size: The significance of this alternative varies with the ship size
capacity of the new canal. If a sea-level canal is limited to 100,000 DWT ships a significanL
portion of potential future commodity movements would probably move in larger ships on
alternative routes. A canal which could accommodate ships of 200,000 DWT or larger would
be needed to attract the potential cargo tonnage forecast in Chapter IV at the present
average tolls levels. However, this may require selective decreases in tolls for the large ships
using the canal through either a new tolls system or modification of the existing Panama
Canal system.

3. Petroleum Pipeline: This is an attractive alternative for large movements of crude oil.
Substantial tolls decreases may be necessary to retain large crude oil movements if they develop.

4. Slurry Pipeline: This is an attractive alternative for solids such as iron ore, which
can be economically moved in slurry form. Tolls decreases may be necessary to attract large
new movements of such solids if they develop in the future.

5. Land Bridge and Railroads: Availability of this alternative does not preclude canal
tolls increases of 100% or more.

6. Aircraft: Availability of this alternative does not preclude canal tolls increases of
100% or more.

7. Non-transportation Alternatives: It is not possible to measure the limitations on
tolls creat.ýd by such alternatives as developing new sources and markets that would
eliminate or limit use of a sea-level canal.

It appears probable that the present Panama Canal tolls rates could be increased as
much as 50% on an average basis without markedly affecting projected traffic growth. This
would require application of a tolls system which permitted selective iaicreases and decreases
with rates for some categories of cargo possibly increasing 150%. Inevitably, some loss of
potential traffic would occur. This loss should not exceed 10%. Accordingly, a 50% increase
in rates would produce 40% more revenutis for a future canal that could accommodate ships
of at least 200,000 DWT. Higher increases in tolls rates may be possible, but estimating the
response by users to increases in tolls of the magnitude necessary to obtain much higher
revenues is probably beyond the scope of economics or any other discipline.

There is further reason why average tolls increases beyond 50% were not considered.
From an economic vie vpoint, the purpose of constructing a se-level canal is to render a
service of value to world shipping. Increases beyond 50% in tolls are not only impossible to
evaluate, but if required, could substantially eliminate a major economic justification for
investment ini a sea-level canal.

Previous Studies of Tolls Sensitivity
There have been two relatively recent studies of the sensitivity of the existing Panama

Canal traffic to tolls increases. The A.D. Little Company conducted a study in 1965 for the
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Republic of Panama that measured the possible effects of tolls increases. This study was
undertaken in an attempt by Panama to justify higher annuity payments from the United
States. The study was limited to the short-run effects of tolls increases on 1963 traffic,
given substantially the conditions existing in 1963. The methodology used to measure the
ability to increase. tolls was least-cost ship routing with the largest ship studied only 45,000
DWT in size. Specific qualifications were made in the report that no study or conclusions
were being made regarding the possible long-range effects of tolls increases. The report
concluded that tolls could be doubled or perhaps tripled with little short-term effect on the
volume of traffic. It further concluded that at such levels of increase there could be long-run
responses which might significantly reduce the level of t-affic. Because the report is limited
to evaluating the short-run effects, given conditions existing in 1963, the conclusions
overstate the ability of a sea-level canal to increase tolls. A forecast for a sea-level canal
necessarily involves concern for long-range effects and certainly must consider the existence
of 3hips far larger than 45,000 DWT in size.

The other recent study of Panama Canal tolls sensitivity, which was completed in 1967,
was made by the Stanford Research Institute (SRI). This is the only comprehensive study of
the long-term effect of tolls increases on traffic. SRI identified the various alternatives to
the use of the Panama Canal previously discussed. The study concluded that the sensitivity
of traffic to tolls increases varied by commodity with maximum possible increases ranging
between 25% and 150%. An across-the-board increase of 25%, using the existing tolls
system, would produce 16% more revenue; ane, the maximum increase in revenue of 36%
over 20 years was possible with a tolls structure varying the tolls rate by commodity.

By making certain adjustments, it may be possible to make some determination of the
sensitivity of the sea-level canal traffic to tolls increases based on this SRI study. It should
be recognized that since the Panama Canal is limited to a ship size of approximately 65,000
DWT, its traffic is more sensitive to tolls increases than a sea-4evel canal. This is because the
existing canal is vulnerable to the economies of scale available with larger ship sizes using
afternate routes. This can be illustrated by the following example of a 50,000 DWT foreign
flag ship using the Panama Canal versus a 150,000 DWT ship using the Cape of Good Hope,
where both ships have originated on the East Coast of the United States bound for Japan.

50,000 DWT 150,000 DWT

25 Voyage days 38
$ 4,800 Daily operating costs $ 7,000

Voyage costs -
$120,000 Ship operations $266,000

20,000 Tolls _

$140,000 Total $266,000

45,000 Cargo tons 135,000

$ 3.11 Voya-e cost per long ton $ 1.97

The foregoing example demonstrates that the existing Panama Canal is vulnerable to the
use of super ships using alternative routing. Even if the Panama Canal were tolls-free, it
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would cost $2.67 per ton of cargo using the 50,000 ton ship versus $1.97 for the larger ship.
As a matter of fact, the Japanese are currently constructing 150,000 DWT bulk carriers for
use in carrying coal from the East Coast of the United States to Japan via the Cape of Good
]Hc

Even though the 150,000 DWT ships are currently being built to avoid the limited draft
existing Panama Canal, these ships would use a sea-level canal at present or even higher tolls
rates. The saving to a ship in using a sea-level canal in the above illustration would be 13
dlays at sea (38 versus 25) or $91,000 in operating costs ($7,000 daily operating costs times
13 days). At existing rates of tolls this ship would pay $60,000 or would have a net saving,
using the sea-level canal, of $31,000. Accordingly, tolls could be increased 50% before the
cos: of using a sea-level canal would be equal to the cost of the alternate longer route.

In those cases where SRI identified alternate ship size as a limiting factor for increasing
tolls, a sea-level canal would be in a positiorn to charge a higher toll. The following is a list of
commodities which SRI identified as having tolls sensitivity because of super ships using
alternate routing and its estimate of the rate increases which would produce maximum
revenue over 20 yearm:

Commodity Present Rate Increase

Coal 25%
Phosphate Rock 100
Iron Ore 25
Soybeans 100
Petroleum 50
Grains 100

An upward aajustment of the revenue potential for these commodities is required to
relate SRI's findings to a sea-level canal. When this adjustment is made, the SRI study
appears to support the conclusions regarding the potential to increase revenues contained
elsewhere in this repor*.

Regarding inflation, SRI indicated that it cannot be automatically assumed that tolls
can be increased •o the extent of inflation with effect on traffic volume. However, it is
apparent that to the extent that canal tolls are limited by alternate transportation modes,
tolls can be increased to the extent of the inflationary impact on the alternative without any
effect on traffic volume. For example, as the costs of constructing and operating ships
increases due to inflation, the ability of a canal to increase tolls also increases.

Comparative Tranrportation Economics
It is a basic conclusion of this report that the potential cargo tonnage forecast presented

in Chapter IV will be transported in world oceanborne trade between origins and
destinations that could gain advantage by using an interoceanic canal. The relevant question
is then: Will the traffic be shipped through a canal? This question can be substantially
answered by reference to the economics of various transportation modes, including, of
course, oceanborne transportation. In the long-term, the transportation system that is least
costly will be used to transport the tonnage.
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The canal is part of a tiansportation system. Its economics are tied to water
transportation 'which, fortunately for a canal, has costs among the lowest of all
transportation modes. For other transportation modes to compete against water trarsporta-
tion requires the presence of overwhelming cost factors other than transportation costs.

Table V-2 presents a summary of the comparative costs of transportation modes. The
amounts shown are not intended to be precise but are reasonable estimates so as to pr, sent a
valid comparison among the various transportation modes. It is readily apparent by a review
of Table V-2 that water transportation has a substantial advantage over other transportation
modes not only for bulk commodities but also for genreral cargo. The closest conlpetition
for bulk commodities comes from pipelines.

The subsequent sections of this report review the possible competitive, position of
alternative transportation modes to the use of a water transportation s:,"tem involving the
use of a canal. In addition, an evaluation is made of the possibility of using water
transportation not involving the use of the canal by either altetnative ship routing or
alternative ship routing combined with larger ship sizes than a canal could transit.

Alternative Ship Routing
The most apparent alternative to the use of a canal is a different ship routing. It 'is

probably also the alternative that can be ,evaluated with the greatest degree of confidence
since all dimensions of the problem remain the same except t, longer voyage at sea.

The attractiveness of different ship routing is probably limited to bulk commodities
originating at a single port and destined for a sinigle port or group of ports within close
proximity to one another. Ships in linear service (general cargo) call on many way-ports in
an attempt to maximize their utilization of capacity. The location and sequence of
way-ports can limit significantly the ability of such ships to alter their routing.

Table V-3 presents a :summary of the relationship of ship size to the advantage of a
sea-level canal- over the best alternate route. Listed are the major route3 using the present
Panama Canal and the long tons of cargo that transited in Fiscal YWar 1969.

The best alternate route is indicated for each route, along with the additional miles and
voyage days at. 16 knots, to use of the Panama Canal. In determining the best alternate route
it was assumed that the Suez Canal would be open and that its tolls would be the same as
present Panama Canal tolls. (Suez Canal laden toils have been approximately the same as
Panama Canal tolls for most ship types in recent 'years.) The columns in the right of the
schedule present four ship sizes (50,000; 100,000; 200,000; and '250,000 DWT), and the
percentage increase (decrease) in present Panama Canal tolls necessary to equalize the cost
of the route using the Panama Canal with the cost of the besi alternate route. This summary
assumes that the same ship is using the sea-level canal or the best alternate route.
Accordingly, a specific ship size is only applicable if the sea-level canal ca.n transit a ship of
that size. For example, if the maximum size ship an assumed sea-level canal can transit is
200,000 DWT, then the amounts for 250,000 DWT ships are not applicable.

Table V-3 supports the following conclusions regarding the relationship of a sea-level
canal and alternate routes:

1. As the difference in miles between the canal route and the' alternate route
increases, the potential to increase tolls increases.
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TABLE V-2

COMPARATIVE COSTS FOR TRANSPORTATION MODES

Range of Charges
Transportation Mode Cents/Ton Mile Comments

Water - bulk commodities 0.01 - 0.2t Based on costs of foreign
flag ships 20,000 DWT and
over.

Water - general cargo 0.2 - 1.0+ Wide range but most tonnage
is bei.ag transported at
lower end of cost range.

Pippline - petroleum 0.2 - 0.5 Volume over 2 million tons
a year and distance over 300
miles.

Pipeline - slurry 0.3 - 0.5 No preparation and separation.
Volume over 2 million tons a
year and distance over 300
miles.

Pipeline - slurry 0.7 - 1.1 Preparation and separation
included.

R3ilroad 0.4 - 0.9 Unit train rate. No return load.

Railroad 0.9 - 2.0+ Based on operating costs
excluding return on capital.
Wide range but high end not
significant in terms of tons
carried.

Truck 3.0 - 8.0 One way haul. No return load.

Aircraft 4.0 - 15.0 Lowest amount is either
Lockheed L-500 or Boeing 747
operating under optimum
conditions.

NOTE. NJo loading or unloading charges included.
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2. As the ship size increases, the attractiveness of alternate routing to avoid tolls also
increases, demonstrating the economies of scale. The economies of scale curve based on
present technology falls very rapidly for ships less than 100,000 DWT, flattening out
between 100,000 and 200,000 DWT, and thereafter falls slowly. (Refer also to FigureV-3
which includes a curve showing the number of voyage days in present rates of tolls by ship
size.)

3. As ship operating costs increases the potential for a canal to increase tolls and
retain the traffic increases proportionately. This is not shown directly on tC;e table but can
be deduced hrom the data shown.

For most routes and ships sizes, Table V-3 supports the conclusion that tolls can be
increased by varying percentages up to approximately 200% in current dollars before the
traffic is lost. The benefit to the user of the canal route varies by route and ship size
indicating that greater revenues could be obtained if a pricing system were to differentiate
by type of traffic in assessing tolls. The application of a system of tolls differentiating
charges by type of traffic is discussed in detail in the next part of this chapter.

The foregoing analysis is limited to the one-way voyage as contrasted with the round
trip. This approach is considered valid since the availability of a back haul cargo is not
influenced by the routing selected for the inbound cargo. The financial attractiveness of
u.;ing a route including a canal requiring the payment of tolls, or an alternative route, should
be analyzed separately for each leg of the round-trip voyage.

The possible use of the Northwest Passage has recently received considerable publicity.
A test voyage completed by a tanker demonstrated that it is physically possible to move a
ship from the North Slope of Alaska to the East Coast of the U.S. Based on information
currently available, the financial feasibility of the route has not been established for even
huge ice-breaking tankers specially constructed for the hazards of the ice. Furthermore, it is
considered remote that the route will ever be used in regular commercial trade. Accordingly,
it was not included among the possible alternative routes evaluated above.

Alternative Ship Size
"The financial attractiveness of a differelit ship route can be enhanced by using ship sizes

larger than those that could transit an Isthmian canal. The evaluation of this alternative is
more difficult than simply evaluating the same ship size on an alternative route. In addition
to transit capacity of a canal, significant factors influencing the selection of ship size include
the capacity of poets to accommodate larger ships and the desire of sellers and buyers to
deal in larger unit transactions. For example, a shipment of 250,000 tons of wheat is
unheard of in present economics. In a manner similar to the discussion of alternative ship
routing, the application of alternative ship size is probably limited only to certain bulk
commodities.

There has been a spectacular increase in the size of both tankers and bulk carriers
within recent years as is illustrated by Table V-4. Based on tankers now in operation and on
order, approximately 50% of the DWT capacity of the world's fleet, but only 10% of the
number of ships, is represented by ships of 100,000 DWT or more. For dry bulk carriers,
12% of the DWT capacity now in operation or on order, but only 2% of the number of.
ships, is represented by ships 100,000 DWT or larger. This development of super ships hl1
been based principally on the economies of scale. For example, the 25,000 DWT tanker has
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a daily operating cost of approximately $3,600 whereas the ship 8 times that size has a total
daily operating cost of approximately $8,000 or only somewhat more than doubling of cost.
Table V-5 presents a summary of ship operating costs and present tolls by ship DWT for
foreign flag ships. The range of daily operating costs by ship size tends to illustrate the
possible influence of future inflation. The economies of scale tend to flatten out beyond
200,000 DWT and there are other reasons to believe that ships in larger numbers will not be
built beyond that size.

Avoiding canal tolls by using an alternative route with a ship larger than that which a
canal could accommodate is relevant if the economies of scale are particularly strong for the
ship sizes larger than the canal can accommodate. This was previously discussed in reference
to the existing Panama Canal with its limitation of ships up to approximately 65,000 DWT.

Table V-6 summarizes the relationship of canal transit size capacity and the financial
attractiveness of using alternative routes and ship sizes. The table presea1ts data for four
canal sizes: 100,000; 150,000; 200,000; and 250,000 DWT transit ship size. For each such
assumed canal size, an analysis is given for the following variables:

1. Canal route has an advantage over an alternative route of 5, 10, and 15 days based
on using a 16 knot foreign flag ship.

2. Ship size used on the alternati-e route is 150,000; 200,000; 250,000; and 300,000
DWT.

In each case for the route using the canal a voyage time of 20 days was assumed. Thus,
if the canal route has a 5 day advantage the alternative route requires 25 days.

! f a canal is limited to a transit size capacity of 100,000 DWT ship, there is a clear
indicLtion of the financial attractiveness of alternati'' outes and ship sizes. For most ship
sizes and range of canal advantage in days over an al.tnative route, even the elimination of
tolls results in the alternative route being financially advantageous.

If the canal can transit ships up to 150,000 DWT, it can compete with alternative ship
routes and ship sizes. However, it should be noted that decreases in current tolls levels may
be necessary on certain routes to retain the traffic. A canal that can transit ships of 200,000
and 250,000 DWT easily competes with alternative routing and ship size. For such large
transit size canals, competition would only come from routes where the canal had a
marginal advantage of about 5 days. These routes do not currently contribute significant
amounts of traffic to the present Panama Canal.

Table V-6 assumes that in every case the voyage through the canal requires 20 days. As
a matter of convenience in the analysis, 20 days were selected since this voyage time is
representative of the greatest number of routes using the present Panama Canal. However, it
should be pointed out that as the voyage time for the canal route decreases the financial
attractiveness of alternative routes with larger ship sizes also decreaseE. A sv "3rate analysis
of this has not been prepared because the effect is minor in comparisoni %,i the effect of
either ship size or difference between canal route and alternative route in voyage days.

For this analysis, ship sizes were limited to a maximum of 300,000 DWT. No ship
substantially beyond that size is either in operation or on order today. Thus, the data
available on such ships are limi, 1. However, there is a clear indication, based on present
ship construction technology, that the economies of scale are small beyond 300,000 DWT.
Even ocean depths in some areas present constraints to ships beyond that size. It is probable
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TABLE V-5

COMPARISON OF TANKER OPERATING COSTS
WITH PANAMA CANAL TOLLS

Ship Operating Cost ofP
Size Present

DWT Daily 5 Days 13 Days Tollsb

25,000 $ 3,600 $18,000 $ 46,800 $ 11,000
4,000 20,000 52,000
4,400 22,000 57,200

50,000 4,800 24,000 62,400 20,000
5,300 26,500 68,900
5,800 29,000 75,400

75,000 5,500 27,500 71,500 30,000
6,000 30,000 78,000
6,500 32,500 84,500

100,000 6,000 30,000 78,000 40,000
6,500 32,500 84,500
7,000 35,000 91,000

150,000 7,000 40,000 104,000 60,000
7,500 42,500 110,500
8,501 47,500 123,500

200,000 8,000 45,000 117,000 80,000
9,000 50,000 130,000

10,000 55,000 143,000

250,000 9,500 50,000 130,000 100,000
11,000 55,000 143,000
12,000 60,000 156,000

300,000 11,000 55,000 143,000 120,000
12,500 62,500 162,000
13,500 67,500 175,500

Lowest wmount is estimated maximum 1968 cost, highest amount is about 20% above 1968 coe'. The high amount
will be reached well before 1900 if the industry figure of a 3% per yew comqpound increse in operating cost
continues. Estimates include provision for all costs of operation and return on capital for foreign flag tankers.

broils determined on present Panams Canal system and retes for lad1n transit.
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that future ships larger than 300,000 DWT will be few in number and limited to specific
routes. Such ships should have little influence on canal tolls policy.

The foregoing discussion again emphasizes the potential advantage to a canal in
differentiating tolls by type of traffic. Even at present tolls levels, tolls on a 200,000 DWT
ship would be $80,000. The magnitude of charges at that level presents the opportunity for
alternatives to the use of a canal. An Isthmian canal would need to carefully determine the
level of charges to be made against large ships if they are to be attracted to canal usage and
if the construction of ship sizes too large to transit the canal is to be limited.

Petroleum Pipeline
Crude oil and petroleum products have been and are expected to continue to be

significant commodities shipped through a canal. If they continue to constitute approxi-
mately 17% of all traffic, 60 million tons of the potential traffic projection for the year
2000 will be of this category. Because of the importance of petroleum and its products for a
new canal, consideration must be given to the opportunity this traffic would have to use a
pipeline - an obvioui alternative to a canal. The first analysis below treats a theoretical large
capacity pipeline of a size built to transport huge quantities of crude oil over a long period
of time. The second treats the recent proposal to construct a pipeline across Panama in
1971, to be operated by the Panamanian Government.

Theoretical Large Capacity Pipeline
The possibility is remote that a trans-Isthmian pipeline would attract petroleum

products. The pipeline operating problems, eAtensive storage facilities and difficult ship
scheduling problems associated with transporting a ariety of petroleum products through a
pipeline system would significantly increase costs. Consideration of a pipeline is thus limited
to use for crude oil, which currently accounts for about 7% of Panama Canal traffic. As
previously discussed, the traffic forecast doe. not identify commodity movements. Thus, no
specific estimate of crude oil traffic in the year 2000 is provided. However, a continuation
of the growth pattern and mix of random crude oil and petroleum products movements of
the past 20 years would leave considerably more than half the petroleum tanker tonnages
not subject to replacement by pipeline movements.

The major U.S. petroleum companies have expressed the opinion that a sea-level
Isthinian canal able to accommodate large tankers would be used on a random basis, as is
the present canal, but that its constructior, cannot be justified on the basis of the
requirements for petroleum movements alone.

Because of its permanence and lack of flexibility, a pipeline must be based on
broad forecasts as to the flow of oil over a particular route for many years ahead. In the
appraisal of the value of alternative transport methods, a trans-U.S. pipeline may play a
major role in transporting Alaskan North Slope crude oil to U.S. Midwest and East Coast
markets should use of the Northwest Passage by ice-breaking tankers prove infeasible.

At present, it costs approximately I i.2ý per barrel of crude oil to transit the
Panama Canal in a fully laden tanker assuming a ballast return. The toll cost for a one-way
transit is approximately 6.4? per barrel. However, most of the existing crude oil traffic
through the Panama Canal is a two-way traffic, i.e., the laden transit is matched by a ballast
transit. Thus, the effective rate is about 11.2? per barrel.
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To accommodate a huge movement of crude oil and to be as competitive,as
possible with a sea-level cinal, a traris-Isthmian pipeline would need an annial capacity of
approximately fifty million long tons. Construction costq for such a pipeline are detailed in
Table V-7. Operating costs, based on various issumptions on cost of capital and utilization
as well as the amortization period for the project are shown in Table V-8.

The cost of capital was calculated both for 8% and 10% interest rates, and this is
believed to be a reasonable range. The amortization period was set at 20 years. With a 40
year amortization period, the annual amortization and total annual costs would decrease
approximately 169% and 10%, respectively. Included, in tlhe Operating cost is a tax to the
Republic of Panama of 224 per long ton. The original draft treaty that wis negotiated
between the United States and Panama in 1967 provided an annuity for Panama from the
Panama Canal of 224 a long ton and this amount has been included in the estimated cost of
operating a new canal. It was assumed that whether the Republic of Panama or private
interests constructed a pipeline across the Isthmus Panama would insist on some amount of
tax and 224 a long ton was selected as a reasonable estimate. It would not be economically
logical for the Republic of Panama to allow traffic to be diverted from *he canal, where it
earns 224 a ton, to a pipeline where it earns less.

The optimum operating situation for a pipeline is a single major movement. If one
assumes that such a movement involving full utilization of the pipeline takes place, the
resultant cost would be 9.13t per 'arrel at the 8% cost of capital. No additional cost is
applicable for the loading and discharge of ships. Loading and discharge rates of 15,000
bbl/hr are practical, making it possible to limit the delay time to one day for a ship. This is
approximately the same delay time which a ship experiences using a canal. Accordingly, a
round trip voyage through the canal, laden in one direction and in ballast for the return,
involves the same lost time as loading and discharging the tankers through a trans-Isthmian
pipeline. I

Less efficient utilization of a pipeline would result from random usage by several
origin and destination movements. Under these conditions the total utili.at-c , of the
pipeline is assumed to be 20% less or 40 million long tons annually. This results at a pipeline
cost of 10.624 per barrel at 8% cost of capital. The shipper may also incur the additional
costs involved in obtaining two ship charters rather than one in a random type use of a
pipeline. Another consideration would be that if the shipper also owned the ship, as is the
case of integrated petroleum companies, there may be strong cost advantages to having the
ship continue through the canal rather than chartering an additional ship for use on the
other end of the pipeline. Both of these factors could add significant cost to the use of a
pipeline on a random basis but quantifying this cost is difficult.

The opportunity for a backhaul movement for a ship using the canal could
completely change the economics of a pipeline to strongly favor the canal. An example can
best illustrate this point. The assumed facts are: (1) crude oil ir. being moved in large
quantities between the West Coast of South America and the East Coast of the U.S. and in
the reverse direction a large quantity of grain is being moved; and (2) the tankers using a
pipeline could not obtain the backhaul grain cargo. Under these circumstances, the pipeline
would have little opportunity to compete for the crude oil even if the canal were to increase
tolls substantially.
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TABLE V.7

TRANS-ISTHMIAN PIPELINE
ESTIMATED CONSTRUCTION COSTS
ANNUAL CAPACITY 50,000,000 TONS

Pipeline

Includes water crossing, poor terrain, pumping,
and bridges. 42" - 48" line, 40 miles long at
$650,000/mile. $ 26,000,000

Terminals

Includes submarine pipeline or dredging Atlantic
and Pacific ports with two berths each for 326,000
DWT tankers in 90' - 100' water. 50,000,000

Storage

For crude oil and ballast water.
Locations at both Atlantic and Pacific ports.
7,000,000 BBL storage at each location at
$2.00/B1B3L. 28,000,000

Total Constiuction $104,000,000

Other

Enqineering at 10% $ 10,400,000

Legal and administrative 2,000,000

Interest during construction and contingencies
at 15% 15,600,000

T, 'i $132,000,000
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TABLE V-8

TRANS-ISTHMIAN PIPELINE
ESTIMATED CHARGE PER BBL

Annual Utilization

50,000,000 Tons 40,000,0O i ons
100% Capacity 80% Capacity

Cost of Capital* Cost of Capital*

8% 10% 8% 10%

Total Cost Annually

Construction cost of
$132,000,000 recovered
over 20 years $13,150,000 $15,550,000 $13,150,000 $15,550,000

Operation and
maintenance 7,800,000 7,800,000 7,800,000 7,800,000

Total $20,950,000 $23,350,000 $20,950,000 $23,350,000

Cost per BBL 5.99t 6.671 7.48k 8.341

Panama tax 3.14 3.14 3.14 3.14

Total cost per BBL 9.131 9.81e 10.621 11.481

.Aimortization period 20 yers.

Pipeline Proposed by Consortium
The following discussion evaluates a recently proposed pipeline across the Isthmus

of Panama. In January 1970, a consortium of British and German interests announced 3
preliminary agreement with the Government of the Republic ot Panama for the
construction of a crde oil pipeline. This development poses a threat to the petroleum
traffic currently using the Panama Canal and must be considered in any decision to build a
sea-level canal.

"The competitive eivironment of the existing Panama Cana., limited to ship sizes up
to approximately 65,000 DWT, differs greatly from that of a sea-level canal with capacity to
transit much largzer ships. For sufficient volumes of traffic, the economies of scale of ship
sizes beyond tl,,. size that can transit the existing Panama Canal beconi, attractive. This is a
principle previously discussed in the Section entitled "Previous Studies of Tolls Sensitivity"
as well as the Section entitled "Alternative Ship Size."
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Based on intormation publicly released regarding this proposed pipei;ne; the
following data are available:

(1) The pipeline will be 30 inches in diameter with a daily capacity of 700,000
barrels or 100,000 long tons.

(2) There will be storage capacity for six million barrels.
(3) Taiikers will berth to single berth moorings connect,,-d by submarine pipeline

to the storage facilities. The draft at moorings will permit tankers up to 120,000 DWT.
(4) The Republic of Panama will own and operate the pipeline which will be

financed by the consortium over a 10-year period.
(5) The capital cost of the facilities is estimated at $80,000,000.
16) No operating cost data were announced for the pipeline but it can be assumed

that it wi!l be only moderately less than for the larger capacity pipeline previously discussed.
Accordingly, an annual operating cost of $7 million has been assumed.

Based on the foregoing facts and assumptions the cost per barrel of output can be
estimated. Similar to the previous analysis of the larger capacity pipeline, an 8% and 10%
cost of capital over a 20-year amortization period will be assumed. The cost per barrel has
been estimated baseG both on maximum daily capacity of 700,000 barrels and on 80%
capacity or 560,000 barrels. This results in annual ut;'izatioi of 36,500,000 tons and
29,200,000 tons, respectively, as shown in Table V-9.

This analysis indicates that the cost of the proposed pipeline is about the same as
for the larger capacity pipeline previously described. However, the proposed pipeline does
not have the same facilities in that it can only accommodate a 120,000 DWT ship and has
storage for 6,000,000 barrels vs. accommodation for a 326,000 DWT ship and 14,000,000
barrel storage for the larger pipeline.

There are two sources of traffic which appear available to this pipeline at the
present time. The first source would be the West Coast of South America including
developments in Bolivia, Peru, Equador and Colombia. The development of sources of
crude oil in Equador and Colombia are recent and publicized reports have indicated that the
quantities involved will increase substantially over the next few years. The obvious market
for .his crude oil is the U.S. East Coast and Europe since it is reported that the recent
discovery of oil in Alaska's North slope will fulfill the requirements of the U.S. West Coast.

A second source of traffic for this proposed pipeline would be oil from the Alaskan
North Slope. This is domestic U.S. crude oil with a cost premium over crude oil available
from foreign sources. It is reasonable to assume that all production will be for consumption
within the I .S. The obvious initial market will be the crude oil-short West Coast of the U.S.
A trans-Alaskan pipeline is to be constructed from the North Slope of Alaska to the
southern Alaskan port of Valdez. From this point the oil will be moved by tanker to U.S.
West Coast ports.

Based on estimates of possible production rates in the North Slope, it is projected
that the production wil :xceed the requirements of the U.S. West Coast and therefore the
excess w:ll need to move to the U.S. Midwest and East Coast. There have been extensive
studies undertaken by the various oil companies involved on how to transport this oil to the
U.S. Midwest and East Coast. The most widely publicized has been the MANHATTAN
project involving the conversion of the tanker MANHATTAN into an ice breaking ship for
testing of the Northwest Passage as a route to be used. Because of the extensive costs
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TABLE V-9

TRANS-ISTHMIAN PIPELINE - CONSORTIUM PROPOSAL
ESTIMATED CHARGE PER BBL

Annual Utilization

100% Capacity 80% Capacity
36,500,000 Tons 29,200,000 Tons
Cost of Capital* Cost of Capital*

Total Costs Annually 8% 10% 8% 10%

Construction cost of
$80,000,000 recovered
over 20 years $7,900,000 $9,420,000 $7,900,000 $9,420,000

Operation and
mointenance 7,000,000 7,flOO,000 7,000,000 7,000,000

TOTAL $14,900,000 $16,420,000 $14,900,000 $16,420,000

Cost per BBL 5.834 6.43.5 7.296 8.031

Panama Tax 3.14 3.14 3.14 3.14

Total Cost per 8BL 8.'371 9.571 10.43A 11.171

*Amortization period 20 years.

involved in this project, it can be assumed that the oil companies anticipate possible
substantial benefits from this route. If the Northwest Passage proves to be economically
unfeasible, an alternative is a trans-U.S. pipeline. The crude oil would move from Valdez by
tanker to Seattle and then to Midwest and East Coast markets via pipeline. According to
reports made public by oil companies, the most costly transportation system for moving
Alaskan crude oil would be via tanker and a trans-Panama pipeline.

The economic advantages of using a trans-Panama pipeline vary con~iderably when
comparing movements of crude oil originating on the West Coast of South America with
those originating on Alaska's North Slope. With respect to crude oil originating on South
America's West Coast, it is a relatively short distance from Equador, Colombia and Panama
to the pipeline. Even the approximate 2,000 miles from Panama to New York requiring
approximately 5 d~ys at sea is considered relatively short for the utilization of super-ships.
For this reason, the pipeline is placed in direct competition with the Panama Canal without
additiona! advantage of the economies of scale of larger ship size. It is concluded that for
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this traffic the pipeline will be unable to charge a rate higher than the tolls cost for using the
Panama Canal cr approximately 11 per barrel. Depending on the assumptions made
regarding the cost of capital and the amortization period for the project, the advantage of
the pipeline over the canal tends to be marginal. In arriving at this conclusion, a 3.140 tax to
Panama has been included in that Panama may receive such an amount for traffic utilizing
the Panama Canal at some future date.

The advantage of the Panamanian pipeline to the Alaskan North Slope crude oil is a
much more complex matter to analyze. The conclusions of the oil companies that in the
long term the Northwest Passage or a trans-U.S. pipeline will be the most economical
method of reaching Midwest and East Coast markets has been accepted for purposes of this
analysis. Therefore, the trans-Panama pipeline has a potential place for this crude oil only in
the short term. Specifically, this period would start when North Slope production exceeds
requirements of the U.S. West Coast for any one oil company and that company has need
for the oil on the U.S. East Coast. The period would extend until it would be advantageous
to employ the more capital intensive alternatives of using the Northwest Passage route, if
feasible, or the trans-U.S. pipeline. Depending on the circumstances in which the oil
companies find themselves and their individual judgments as to the future, this period could
be very short or could extend for several years. In this regard, the oil companies may either
act independently of each other or as a group. The group approach is illustrated by the joint
irvestment of the oil companies invo!ved in the trans-Alaska pipeline. Even if the facts
presently known to the oil companies were available for analysis, it would probably be
impossible to make a judgment at this time as to how long the temporary period would
extend during which the trans-Panama pipeline would be utilized.

It is possible to analyze the advantage of a trans-Panama pipeline over the Panama
Canal during the temporary period when oil companies will need to move crude oil to the
East Coast U.S. before either the Northwest Passage or a t:rans-U.S. pipeline is employed.
The advantage of the trans-Panama pipeline is substantial as is shown by the following
analysis comparing the use of a 65,000 DWT ship transiting the Panama Canal and a
120,000 DWT ship utilizing the trans-Panama pipeline.

When the economies of scale of large ship sizes can be brought to bear, the
trans-Panama pipeline enjoys a substantial advantage over the existing Panama Canal. This
has been illustrated for the transportation of the North Slope oil. In contrast, when the ship
sizes that utilize the pipeline can also transit the Panama Canal, which may be the case for
the West Coast South tAmnerican crude oil, the pipeline has only a marginal advantage. The
decision to build the trans-Panama pipeline at this time will be dependent on the amount of
utilization which can be assured from the shippers of North Slope oil. Based on information
that has been publicly released, the consortium that has proposed the trans-Panama pipeline
is now in the process of attempting to obtain contracts from the various oil companies.
PR,3ults of these discussions are not available at this time.

Petroleum Pipeline - Conclusions
The following conclusions regarding the possible effect of a crude oil pipeline on

the revenue potential of a sea-level canal have been reached:
(1) If a sea-level canal were available for transit, the proposed trans-Panama pipeline

probably would not be constructed were tolls set at the present or moderately lower levels.
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Alternative Routing

Panama
Panama Canal Pipeline
65,000 DWT 120,000 DWT

Daily Operating Cost $ 10,4001 $ 13,0001

Required Days Between Valdez.
Alaska and New York

7,000 miles at sea @ 16 Knots 36 36
Panama Canal transit round trip 2
Mooring, discharging and loading - 42

2 ships
Total days 38 40

Cost of Voyage

Ship cost $395,200 $520,000
Parsama Canal tolls _46,800 -

Total Cost $442,000 $520,000
Cargo in barrels 413,000 770,000

Cost per barrel $ 1.07 $ .68

Difference - available for
pipeline charges and cost
savings to oil companies $ .39

1U.S. flag jhip operating costs are uasd las contrastel to the foreign flag ship operating costs used elsevhere in this
chapter) in accordance with the provisions of the Jonas Act.

2The cargo loading and dischaarging rate for thi smellar capacity pipeline was asmued to be dower then for the larger
capacity pipeline previously discseid. Samd o.n this assumption, it is estimated that it will take approximately 2 days at
each end of the plipline to -hoor the ship, discharge or Iled the cargo, and return to operat;ng speed.

(2) If a pipeline is built and available for use when the sea-level canal is opened, it
may be r.ecessary for the sea-level canal to decrease tolls substantially over the life of the

existing pipeline in order to attract traffic. The pipeline operating authority could decrease its
prices to out-of-pocket costs including Panama tax. However, once the pipeline requires
extensive capital replacements, it must charge prices near the level of existing Panama Canal
tolls. Accordingly, for the long-term, the sea-level canal may be able to maintain tolls for
crude oil at present Panama Canal levels or moderately lower.
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(3) Were the requirement to develop for a huge continuing movement of crude
oil permitting employment of ships too large to transit the sea-level canal in combination
with the large capacity pipeline previously described, a su ,stantial decrease in tolls might be
required to attract such a movement. It is also possible that such a movement would not be
attracted to a sea-level canal regardless of tolls levels.

The foregoing conclusions should be correlated with the previous analysis of
alternative ship routing and ship size. Either in combination with a pipeline or independent
of it, superships are quite competitive with a sea-level canal. Accordingly, tolls may need to
be substantially lower per unit of cargo capacity for supetships than for smaller ships.

Slurry Pipeline
The technology of moving solids by pipeline is now well established. Although

currently only between 100 to 200 thousand ton/miles move annually by slurry pipeline,
substantial growth of this method of transportation is expected in the future. Cargos for
which slurry pipelines would be adaptable include coal, iron ore, potash, phosphate, copper
ore anei sulphur.

The slurry concept as adapted to the loading and discharge of bulk carriers enables
these ships, formerly limited in maximum size due to the draft limitations of ports and the
speed of shoreside cargo handling capabilities, to enjoy the advantages and economies now
available to mammoth tankers. Slurried iron ore, coal and other bulk products can now be
economically transported in giant OBO (ore/bulk/oil) carriers matching the physical size and
ability of the largest tankers and able to transfer cargo by pumping thruugh a submarine line
while standing offshore.

The economics of operating a slurry pipeline are not significantly different from the
economics of the petroleum pipeline previously discussed. Thus, for purpose of analysis, the
cost presented for the petroleum pipeline can be used. The major difference between the
petroleum pipeline and the slurry pipeline involves the required preparation of the cargo
prior to movement through a pipeline. Quite obviously, utilization of a slurry pipeline
requires that the solid material, iron ore, coal, etc., be ground into small particles which
when mixed with water can be pumped through the pipeline. This grinding or preparation of
the commodity may or may not represent an increase in the cost of transporting the
product. For example, the iron ore mined in Peru is now ground, the impurities removed,
and a pellet formed which has a much higher percentage content of iron ore oxide than the
original ore prior to shipment. The ground iron ore rather than the pellet could be shipped
by a bulk carrier to one side of the Isthmus, transported across the Isthmus by slurry
pipeline, stored temporarily, and then loaded on another bulk carrier for transportation to
its uinimate destination. At the destination the iron oxide could be pelletized for use in the
blast furnaces. Thus, use of a slurry pipeline would only require a resequencing of when the
pelletized operation occurs for the cargo. This resequencing of operations may not be
without problems since there may be other factors influencing the decision to form the
pellets in Peru rather than in the United States.

The major solid material now being transported through the Panama Canal is
metalurgical coal originating on the U.S. East Coast and terminating in Japan. Inquirie, were
made regarding this cargo and it was reported that the slurry method would probably not be
economically adaptable to metalurgical coal. Coal dust would not be usable in the

IV-i 18



manufacture of. high-grade steel and thus would require it to be formed into pellets at
additional cost. Coal used as a source of energy, such as for the furnaces of an electric
generating station, can be put in slurry form and utilized but no such coal currently transits
the Panama Canal in large quantities.

The slurry pipeline does appear to offer a possible attractive alternative to the use of a
canal. Its application would require a huge quantity of cargo, such as iron ore, to be
economical. This again demonstrates that the economics of av'Aiding a canal are most
attractive when there is one dominant movement of a commodity between a single source
and a single destination. The presence of huge quantities permits an investment in facilities
not justified with smaller quantities. The traffic forecast does not identify the commodities
that will move through the canal in the future; thus, it is not possible to determine if a
slurry pipeline would be practicable. However, the slurry pipeline does offer a potential to
limit the ability of a canal to maintain current levels of tolls and almost certainly eliminates
the possibility c. significantly increasing tolls on cargoes which could use a slurry pipeline.

Land Bridge and Railroads
The land bridge concept has received considerable exposure lately in various periodicals.

It is a concept involving the combination of water transportation and railroad transportation
to avoid the usc of the Panama Canal. This concept has become feasible from an operating
viewpoint because of the development of containerized traffic. Containers loaded with cargo
at their origin can be transferred from one transportation mode to another expeditiously
and at significantly lower cost than was previously possible.

As the term "land bridge" has gained popularity, the concept has been broadened in
scope. Originally the land bridge concept was restricted to an international cornm- "-e route
between the Far East and Europe moving overland via the North American. contiient by
rail. However, the potential for increased rail tonnages has caused U.S. domestic carriers to
broaden the concept to include traffic terminating or originating in the states which lie in
the coastal areas opposite the foreign coantries served. That is to say, the land bridge under
the broadened concept has included goods moving both to and from the Far East and
Eastern U.S. and between Europe and the West Coast, where both ocean and land
transportation systems are employed.

The original interest in the land bridge developed with the closure of the Suez Canal in
1967 which required the diversion of Far East to Europe traffic from the formerly shorter
Suez Canal route to the longer Panama Canal route. Advocates of the land bridge claimed
that significant reductions in transportation miles and transit times could be achieved by the
utilization of North American railroads rather than the all-sea route involving the use of the
Panama Canal. Table V-10 presents a comparison of miles and transit time as between the
land bridge route and the Panama Canal route for two combinations of traffic origin and
destination: Yokohama - New York; and Yokohama - Eurepc. As is shown by Table V- 10,
there are significant savings in miles by the use of the la:ad bridge route over the all-water
Panama Canal route. Howeve-r, for the Yokohama -- Europe traffic, it is not possible to
convert the mile savings to a saving in tir-Asit time. because of the required transfer time
between ships and railroads.

Advocates of the land bridge have analyzed international traffic in an attempt to
identify cargos which can be containerized and thus constitute potential cargo for the land
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TABLE V-10

PANAMA CANAL VS. LAND BRIDGE
COMPARISON OF NAUTICAL MILES AND TRANSIT TIMES

Land Bridge Panama Canal

Route Miles Days Mile$ D0ys

Yokohama - New York1 2

"Yokohama - Los Angeles 4,800 9.0
Los Angeles - New York rail 3,000 5.0

Yokohama - New York 9,700 17.5
Canal delay time 1.0

Total 7,800 14.0 9,700 18.5

Yokohama - Eur M2

Yokohama - Los Angeles 4,800 9.0
Transfer 3  2.0
Los Angeles - New York rail 4  3,000 5.0
Transfer3  2.0
New York - Europe 3,700 7.0

Yokohama - Europe 12,500 23.0
Canal delay time 1.0

Total 11,500 25.0 12,500 24.0

NOTES INu provision made tor port time since it is common to both routes.

Sft time assumes 23 knot ship or 552 nautical miles per day.

3Asmjrn optimum situation of direct transfer between iAip and an awelting unlt train.

4"Translt time bend on Atchison, Topek and Santa Fe Railroad propoeal.

bridge. Based on existing international traffic, the following is a summary of the long-tons
of traffic now moving through the Panama Canal which advocates of the land bridge claim
can be containerized:

Japan - East Coast US. 8,000,000 tons

Japan - Europe 1,000,000 tons
U.S. East Coast - Japan 1,000,000 tons
Europe - Japan 500,000 tons
Europe - West Coast U.S. 1,000,000 tons

IV-120



By far the most significant quantity inv.4lves Japanese exports of manufactured products to
the East Coast of the United States. Based on detailed records maintained by the Panama
Canal Company, approximately one-ha!'" of Japanese exports of manufactured products to
the East Coast of the United States involves manufactures of iron and steel. There is reason
to doubt that this is cargo that is readily adaptable in an economic sense to containerization.

U.S. railroads have been keenly interested in the land bridge as a new source of ttaffi%;.
Among the leaders of U.S. railroads in this matter has been the Atchison, Topeka & Santa
Fe Railroad (ATSF). The A 1SF has prepared a proposal of rail rates for the utiization of
unit trains for land bridge traffic. These proposed rates are presented in Table V-I 1. The
significant number on the table is the total one-way cost for one 20' container of $250.
Present U.S. transcontinental freight rates for a similar 20' container would be approxi-
mately $400. (There are, of course, a variety of rates but $400 is considered to be

TABLE V-ll

LAND BRIDGE PROPOSED RAIL RATES BY ATSF RAILROAD

Unit Train Specifications

Number of cars per train 80
Container capacity per train 320/20'
Minimum annual round trips 25
Trip days for one-way 5

Total Train Costs

Cost per round trip without cars $144,000
Charge for cars per round trip 16,000

Total per round trip $160,000

Transportation COn PFw Container2

Total cost one-way $ 250
Per container mile $.063
Per ton mile1  8.3 mils

NOTES: I Amunwgupof 10 long tons per container.

2Amuma 100D% utilization of unit train.
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representative.) The significant point is that the ATSF has proposed to make a substantial
freight rate reduction in an attempt to attract this new traffic. However, in. doing so, they
have assumed the possible risk of domestic shippers r.,questing similar rates.

The land bridge will need to compete with the aU-sea route utilizing container ships.
The new modern ,.ontainer ships which are currently being built have speeds in the range of
22 to 30 knots. The economics of container ships are summarized in Table V-12 for a 23
knot container ship with a capacity for 1,500 20' containers. It should be voted that at
optimum utilization the p-r ton mile cost for the container ship is 1.2 miles as compared
w~th the optimum utilization cost of the proposed ATSF unit train of 8.3 mils.

TABLE V-12

ESTIMATED COST BY CONTAINERSHIP FOR THE TRANSPORTATION
OF CONTAINERS BY FOREIGN FLAG OPERATOR

Ship Specifications

DWT 26,000
Container capa,.*:ty 1,500/20'
Service speed in knots 23
Daily fuel consu;:iption in tons 250
Construction cost $15,000,000
Panama Canal laden tolls $15,000

Daily Operating Costs

Capital recover' $5,200
Hull and machinery insurance 190
Labor, mainteriance & other expenses 1,200

Co';t in port $6,590
Bunkr,s (fuel) 3,190

Cost at sea $9,780

Transportation Cost Per Container 3

Per day in port $4.39
Per (lay at sea $6.52
Per sea mile $.012
Per ton mile' 1.2 mils

NOTES: IAssumes 340 operating days annually at 10% cost of capital over 20 ysirs. Operating days include both
days at em "nd cargo loadeng/diacharga time.

2Averlep of 10 long tons per container.

3
AuAmes 100% utilization of ship.
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A series of tables has been prepared compart.. . economics of the land Ni'idge route
with the all-water route. The first comparison is r, .e in Tablc V-I 3 which compares the
all-water route with the original concept of the land bridge route *or " 'r Eastern traffic to
Europe. Specifically, the table compares traffic originating in Yokohama, Japan destined for
Europe. For such traffic the cost of the land bridge for one 20' container iF estimated to'be
approximately $432 versus the all-sea Panama Canal route cost of $166.48 or net difference
$265.40. Note that the all-.t cost from origin to destination is less "han the proposed
ATSF rater for the land bridge section of the route alone. The comparison assumes
optimum utilization of both the ship and of the unit train. However, even if the ship has a
50% utilization as compared with the optimum utilization of a unit train, there is still a
significant advantage to the all-sea route. Accordingly, from the viewpoint of transportation
cost, there is little apparent opportunity for the lanl bridge to compete with the all-sea
route for traffic between the Far East and Europe.

TABLE V-13

COMPARISON OF COSTS FOR LAND BRIDGE AND PANAMA CANAL ROUTES
YOKOHAMA- EUROPE

20' CONTAINER

Land Bridge

Yokohama - Los Angeles - 9 days @ $0.52 $ 58.68
Port transfer charge 30.00
Ship delay - 2 days @ $4.39 8.78
Proposed ATSF rail charge 250.00
Port transfer charge 30.00
Ship delay - 2 days @ $4.391 8.78
New York - Rotterdam - 7 days @ $6.52 45.64

Total cost per container $431.88

All Sa Panama Canal Route

Yokohama - Rotterdam - 24 days @ $6.52 $156.48
Panama Canal tolls 10.00

Total cost per container $166.48

Difference - land bridge excess $265.40

NOTES: In compariaon with the direct zea route, ships will haw port time at either end of the land bridge. An
allowance of 2 days at such port to arrive, dN-.harp cargo Pad &dKpat was assurned.
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As previously identified, the largest volume of containerizable traffic originates in Japan
and terminates on the U.S. East Coast. Table V-14 presents a comparison of costs as
between the land bridge and the all-sea Panama Canal route for this traffic. No ship port
time and terminal costs are included in this comparison since both routings would incur
similar costs. This table again demonstrates the substantial financial advantage of the all-sea
Panama Canal route over the routing including thy land bridge. Even if the ship discharging
its cargo on the East Coast of the United States were required to return empty and U.S.
railroads were willing to return the containers to the West Coast of the United States free of
charge, the all-sea Panan-a Canal route would still have an advantage. Accordingly,
significant increases in tolls charges against the ships using the Panama Canal could be made
without diverting traffic through the canal to a land bridge route.

The traffic between the West Coast of the United States and Europe has not been
analyzed to determine the cost differential between the land bridge route and the all-sea
Panama Canal route. No analysis was considered necessary since the differential and
conrlusions would be comparable to that for the Far East to the East Coast of the United
States, as described previous~y.

The final comparison between the use of U.S. railroads and the land bridge route with
the all-sea Panama Canal route to East Coast U.S. ports is presented in Table V-I 5 for traffic
between Asia and the U.S. Midwest. Specifically, the traffic analyzed is between Yokohama
and Chicago. The degree of confidence in the findiris of this comparison is considered to be
very limited due to the absence of any known data on possible U.S. rail' ' s. For purposes
of compaiison t was assumed that U.S. railroads may be willing to offer freight rates

TABLE V-14

COMPARISON OF CJSTS FOR LAND BRIDGE AND PANAMA CANAL ROUTES
YOKOHAMA - NEW YORK

20"CONTAINER

Land Bridge

Yokoh:.ma - Los A•.geles - 9 days @ $6.52 $ 58.68
Los Angeles - New YorP il 250.00

$308.68

All Sea Panama Canal Route

Yokohama - New York - 18.5 days @ $6.52 $120.62
PanaMa Canal tolls 10.00

$130.62

Difference - land bridge excess $178.06
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between Los Angeles and Chicago at about 60% of the proposed ATSF transcontinental
rate. By so doing the western railroads in the United States would be attempting to compete
for traffL that is now held by the eastern roads. It is reasonable to assume that the eastern
roads would respond by offering rate reductions in order to retain the traffic. It has been
assumed that the minimum offering by these eastern roads would be approximately 40% of
the proposed ATSF transcontinental rate. The assumed rail rates for the Los Angeles to
Chicago route are unrealistically low in comparison to existing domestic freight rates.
However, the western railroads may be willing to make substantial rate reductions in an
attempt to attract this new source of international traffic. Under the assumptions made, the
land bridge route does offer a slight advantage over the all-sea Panama Canal route. The
significance of this result in terms of competition for a future v.anal is probably limited for
the following reasons:

1. The assumed U.S. freight rates may not materialize.

2. The amount of traffic from Japan terminating in the U.S. Midwest is not
substantial.

TABLE V-16

COMPARISON OF COSTS FOR LAND BRIDGE AND PANAMA CANAL ROUTES
YOKOHAMA - CHICAGO

20' CONTAINER

Land Bridge

Yokohama - Los Angeles - 9 days @ $6.52 $ 58.68
Los Angeles - Chicago by rail1  150.00

I $208.68

All Sea Panama Canal Route

_ArOhama - Now York - 18.5 days @ $6.52 $120.62
New York - Chicago by rail2  100.00
Panama Canal tolis 10.00

$230.62

Difference - all-sea ro.itp excess $ 21.94

NOTES: Based on the ATSF pr.poel. the transcontinental rate is $250 - Aaureming a 60-40 split over Chicago,
the Lot Angeles - Chicago rate wou:d be $150.

2The New York - Chicago rail rate is unrelisticaelly low Imsed on present domestic rates, However, if the

western railroads were to propose uscial rates to attract this traffic, it is ree~onable to assume that the
eastern roads would raomnol with competitive rates.

3 No transfer and ship delay time aro sacwn since %say are common to both routes.
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The foregoing analysis supports the conclusion that the land bridge and U.S. railroads
do not appear to limit the potential for a canal to maintain present levels of tolls or to make
significant increases in them. This may appear somewhat surpriring since U.S. railroads have
effectively competed for traffic formerly carried by skis between the two U.S. coasts
utilizing the Panama Canal. However, the economics of traffic originating and terminating in
the United States is significantly different from the economics of traffic which can use
foreign flag ships. In the case of U.S. traffic, the Jones Act requires that the cargo be carried
on ships both built in the United States and operated under the U.S. flag. These ships have a
level of cost at least double that of foreign constructed and foreign flag operated ships.

Aircraft
The transportation by air of high value to weight cargos will continue to show

significant growth. Supersize jumbo jets and air busses are expected to expand the range of
cc:nrmodities which are not subject to air freight competition. Table V-16 summarizes
forecasis of free world air freight from 1970 to 1980 made by various U.S. corporations.
These forecasts demonstrate the anticipated impressive increases in the quantity of cargos
moving by air.

Although air freight has grown substantially in recent years and is antricipated to
continue its growth rate, the aggregate quantity of cargo moving by air remains insignificant
in comparison to total world cargo movements. Assuming the forecast volumes of traffic
materialize, air freight will still account for less than 1% of the aggregate ton/miles of cargo
moved in 1980.

The comparison of the cargo capacity of the largest aircraft with existing ships will
assist in understanding the significance of air freight as a source of competition for a

TABLE V-16

FORECAST OF FREE WORLD AIR FREIGHT
As Prepared by Various U.S. Companies

Forecast
Billions of Ton/Miles

Year
Company Revised 1970 1975 1980

Boeing 1969 10 24 45
Dou',as 1968 9 27 78
General Electric 1968 11 27 53
Lockheed 1966 12 26 55
Pratt & Whitney 1968 10 25 55
Sperry Rand 1967 11 29 -
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sea-level canal. The largest existing aircraft for the carriago of cargo is the U.S. Air Force
C-5A for which the Lockheed Aircraft Company has a planned civilian version referred to as
the L-500, The L-500 has a maximum gross payload of approximately 145 long tons. Gross
payload is used since it is comparable to the cargo deadweight of ships. It is estimated that
the L-500 has an annual ton/mile productivity of approximately 237 million. The container
ship referred to in Table V-I 2 would be utilized to carry comparable cargos. Assuming a
cargo capacity of 20,000 long tons for the ship and further assuming 200 operating days at
sea per year, the ship would have an annual productivity of 2.2 billion ton/miles. Thus, it
would require nine L-500's to match the annual ton/mile capacity of one container ship.
The original construction cost of a container ship is approximately $15,000,000 whereas the
estimated cost of nine L-500's is $207,000,090.

Although aircraft may compete in a limited manner for high-value manufactured
products, it is currently inconceivable that they will be used for bulk commodities. One
simple illustration assists in placing this in perspective. Two 300,000 DWT ships have the
capacity to carry the entire free world projection of air cargo traffic for the year 1980.

There is a wide difference in operating costs as between container ships and aircraft. As
previously presented in Table V-1 2, the per ton mile cost of the container ship is between 1
and 2 mils. The optimum level of operating cost for an L-500 is between 3.0 to 5.0 cents per
ton/mile. The existing and planned container ships can grow substantially in size while
decreasing their cost per ton/mile by taking advantage of the economies of scale for water
transportation. However, based on present technology, it appears that the aircraft are near
the bottom of the! economies of scale curve. Figure V-4 presents a history of aircraft direct
operating costs. There is no detailee information available en the cost of aircraft larger than
the Lockheed L-500 or the Boeing 747, but aircraft manufacturers have indicated that
larger aircraft will not produce significant cost savings.

If aircraft are to divert sufficient cargoes from ships to affect future canal traffic
significantly, it vill be necessary for them to carry such cargoes as automobiles. Cargoes
ctrrently carried by aircraft are of such high dollar value and move in such special
circumstances that were aircraft to carry all such cargoes currently using the Panama Canal
there would be no noticeable effect on canal traffic. A forecast of air cargo by trade area is
presented in Figure V-5. It should be noted that the two major routes involve U.S. domestic
and North Atlantic traffic. The possible routes which could affect canal traffic are not large.

To overcome the significant disadvantage in terms of transportation cost, aircraft must
look to other factors influencing cost which are favorable to their type of service. For
example, shippers of highly perishable products such as flowers and fruits and very
high-dollar value cargos are willing to pay the substantially higher air freight rates. There has
been discussion that cargos such as automobiles may have cost factors other than
transportation which result in air transportation being in a competitive position. To evaluate
this possibility, transportation cost data have been obtained for automobiles originating in
Japan and terminating in Chicago and are presented in Table V- 17.

The data presented in Table V-1 7 were estimaved in the following manner:

I. The transportation cost by ship of $120 00 is based on the 1.2 miles per ton/mile
for a containership as presented in Table V-I12. This tends to overstate the cost since a high
speed type containership would probably not be used to transport automobiles.
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TABLE V-17

COMPARISON OF OCEAN AND AIR SHIPMENT COSTS
AUTOMOBILES FROM YOKOHAMA TO CHICAGO

Cost Per Automobile

Ocean Super

Cost Item Shipping Aircraft

Transportation costs

Preparation for transport $ 10 $
rUelivery to major transport (1) (1)
Mv'ior transportation

Loading (2) (2)
Shipping cost 120 420
UJnloading 9 (2)
I nsurance 15 2
Damage and pilferage 10 -

$164 $422

Delivery to distributor warehouse 12

Delivery to dealer 50 12

Total transportation $226 $434

Possession costs
Storage at warehouse 26
Warehouse inventory carrying cost 26
I n-transit inventory carrying cost 15 2

Total possession costs $ 67 $ 2

Service costs
Lost sales

Manufacturcr $ 16 -
DCaler 32

Total service costs 48

Total cost of distribution $341 $436

NOTES:

1Asumed same for both.
2 lncluded in shipping cost.
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2. The shipping cost by super-aircraft is based on a cost per statute mile of $7.00 for
an L-500 with a capacity to carry 106 automobiles. In a similar manner to the ship, it was
assumed that the aircraft would have a backhaul cargo.

3. The remaining costs were obtained from the Lockheed-Georgia Company, in an
pamphlet entitled "Distribution of Imported Cars." It is difficult to estimate many of these
costs or to evaluate the estimates that have been made but since they have been prepared by
a manufacturer of super-aircraft, it was assumed that they were not unreasonably low. Based
on the assumptions made, it should be noted that the cost by super-aircraft is significantly
higher than by ship.

For the purposes of evaluating the potential diversion of traffic from a canal to aircraft,
Table V-18 presents a description of cargos with a value between $1,000 - $2,000 per long
ton and over $2,000 per long ton. These cargoes were selected as being of such a value as to
represent potential cargo for aircraft. The two major commodities are automobiles,
previously evaluated, and small shipments. The total traffic shown in Table V-18
represented 4% of FY 1967 commodities transiting the Panama Canal. The carrying cost of
inventory with a cost of $2,000 a ton using a cost of capital of 10% is approximately $17
per month. Obviously, cost factors in addition to high value and reduced in-transit time for
a cargo must be present to overcome the substantial cost differential between air and ship
freight.

Based on the foregoing presentation, it is concluded that although air freight will
experience considerable growth in the future it is not a significant limiting factor on the ability
of a canal to either maintain the present level of tolls or to increase tolls substantially.

Non-transportation Alternatives
The foregoing discussion evaluated the transportation alternatives for the commodities

that could use a sea-level canal. Other than transportation alternatives, there are available
the following possibilities which could limit the use of a canal: (1) alternate sources and
markets, (2) alternate shipping services, (3) alternate resource development.

It is a conclusion of the study that alternate transportation is the most reliable measure
of the sensitivity of a sea-level canal to tolls. However, it is recognized that other alternatives
cannot be ignored. The principal obstacle to thtir evaluation is that they are difficult, if not
impossible, to quantify other than on a purely judgmental basis.

The only evaluation available on these other alternatives was made by SRI in its 1967
study for the Panama Canal Company. SRI concluded that such alternatives would permit
the Panama Canal to increase tolls in a range, of 100 to 150 percent to maximize its revenue,
except for the following commodities:

1. Bananas - It was concluded that this commodity is very sensitive to tolls increases
because alternative sources are available or could be readily developed on the Caribbean side
of th-. canal.

2. Bauxite and alumina -- It wis concluded that bauxite and alumina are limited to
tolls increases of 50% because of the alternative sources in the Pacific basin.

3. Scrap metal - It was concluded that scrap metal was very sensitive to tolls
increases because of alternative sources as well as the use of pig iroc as a substitute.

4. Sulphur - It was concluded that sulphur is limited 'o tolls increases of 50%
because of alternative sources.
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TABLE V-18

HIGH VALUE/TON COMMODTIES USING PANAMA CANAL
FY 1967

(000 Long Tons of Cargo)
$1,000 - $2,000/Ton Over $2rOOOIToL

Long Long

Commodity Tons Commodity Tons

Food Uranium 2
Meat preparations 26 Chemicals
Butter fat 27 Medicinal products 26

Explosives 60Tobacco 77 Other 14
Crude materials

Wool 219 Manufactured goods
Synthetic fibers 28 by material
Other 1 Textile yarn 24

248 Cotton fabrics 102
Manufactured goods Other fabrics 21
by material Carpets 37

Articles of rubber 34 Metal containers 25
Special fabrics 25 Other 29
Articles of textiles 23 238
Copper metal 137 Macuiinery & transport
Tools 20 equipment
Other 31 Power machinus 58

270 Textile machines 31

Machinery & transport Special industrial
equipment machines 90

Agriculture machines 91 Machines, not classified 276
Metal working machines 96 Communication equip. 38
Electric distribution Electric-machines,

equipment 48 not classified 78
Passenger cars 345 Other 38
Tru'cks 70 609
Vehicle parts 165 Misc. manufactured articles
Other 22 Clothing 47

837 Footwear 46
Misc. noinufactured articles Toys 72

Furniture 23 Other 74
Other 45 239

68
Cargo unclassified of

1,553 individual shipments
less than 5 tons each 1,026
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Those commodities identified as being sensitive to other than transportation
alternatives constitute a minor percentage of the total traffic of the existing Panama Canal.
In addition, evaluation of non-transportation alternatives presents such difficulties in
measurement as to place serious question as to its validity. As an example of the difficulty
in evaluating such alternatives, the matter of alternative resource development can be briefly

examined. Most commodities are available in many places in the world, and their
movements over the long term can be expected to be selective, based on the least cost
alternatives. In selecting which development is to occur, such matters as the existence of
injand transportation systems, the distance between the source and water transportation,
and the politics and the tax laws of the host country need to be considered. The importance
of these matters in terms of cost and risk are so overwhelming as to make the matter of

canal tolls almost insignificant. Canal tolls could only be the determining factor in that
theoretical instance in which the conditions of two developments were approximately equal.

For the afoiementioned reasons, it has been concluded that non-transportation
alternatives cannot be evaluated as a limiting factor for a sea-level canal to collect tolls at
some future date.

Availability of Alternatives Varies Over Time
In the short-term there is little that shippers and ship operators can do in response to a

tolls increase. This is because they are committed to existing ships, schedules, routes,
location of resources, and other factors. However, in the long term all the alternatives to the
use of the canal become available. For example, larger and additional numbers of ships can
be built, r,ew contracts arranged, alternate resources developed, and other arrangements
made. The important consideration in the evaluation of a sea-level canal is the long-term
effiect.

"There can be short-term responses to tolls that vary significantly from long-term
responses. This is because in the short term, decisions are often made based on the
out-of-pocket effects on cG.sts and revenues rather than the long-term effect. There are two
types of short-term responses as follows:

I. Out-of-pocket Costs: If a ship owner has an excess of ships available at a particular
moment, I,.- may evaluate the use of a canal based on his out-of-pocket costs. The
out-of-pocket costs of operatinr a ship may only be its fuel because even lakor costs are
sometinics fixed by long-term contract.

2. Opporti'nity Costs: If a ship owner is temporarily short of ships and has the
opportunity for additional revenue, he may be willing to pay substantially higher tolls for
the purpose of saving time.

Neitiher the out-of-pocket nor the opportunity cost comparisons are relevant to an
evaluation of the long-range potential of tolls for a sea-level canal. Short-range considera-
tions may have an effect for short periods, but they are impossible to forecast over a long
period.

Tolls Structure
Synopsis
The matter of a tolls structure is essentially the question of "Who pays?" with

consideration also given to "Why?" This section ol the report will examine factors which
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will be relevant to a sea-leval canal in selecting an appropriate system of tolls assess men. for
the purpose of obtaining the required level of revenues to cover its costs.

Theoe are, of course, two viewpoints regarding a toils structure: (1) the financial effect
on a sea-level canal, and 12) financial effect on the users. It is intended that only the former
problem will be evaluated. However, recognition will be given to the need tor evaluating the
latter before a change is made.

There is a traditional method of assessing ships for the use of ship facilities which
includes the existing Panama Canal tolls system. The adoption of this traditional approach
would have the advantage of being well known and accepted and thus perhaps subject to the
least amount of controversy. The traditional method has applicability for a sea-level canal if
tolls rates remain substantially the same as present Panama Canal rates. However, as
discussed previously, even at present rates some differentiation of tolls charges may be
necessary to retain traffic that moves in huge quantities.

If it is decided th.at an increase in the level of tolls is necessary, then consideration of an
alternate system of tolls is varticularly appropriate. The previcus part of this Chapter
described how tolls that a user is willing t,' pay cannot be greater than the benefit accruing
to it by the use of the canal. As tolls are increased, it is neceLsary for a tolls system to
identify with greater precision the extent of the benefit to each class of user. The absolute
maximum revenue could theoretically be obtained from a system that collected from each
user a different toll based on its benefit in using the canal. Such a system can exist in theory
only since it would be impractical to administer. The maximum tolls system in terms of
revenue production is one that would most accurately identify the benefits to all users while
being practical to administer. Consideration also needs to be given to the marginal direct
cost of rendering the services since this should establish the minimum level for a tolls charge.

The administration of a sea-level c.nal may be required to obtain a higher level of tolls
or tc resijnd to new technology which is effectively competing for traffic. A pricing
structure which would provide the necessary flexibility so that traffic could be retained is a
marginal cost pricing system. Using such a system the administration could set rates not
higher than the value of service and not lower than the direct marginal cost of providing
service. If permitted to use such a pricing structure, this would provide the greatest
assurance for the financial success of a sea-level canal.

The Tonnage Principle
Ships are universally assigned values referred to as "tonnage" which is expressed as both

a gross and net quantity. Theoretically, the gross tonnage represents the cubic size of a ship
from which are deducted spaces dedicated to the propulsion of a ship to anive at net
tonnage. The principal deductions include spaces dedicated for the engine and related fuel
facilities, crew quarters and safety equipment. Each ton is equivalent to 100 cubic feet.
Thus, when a ship i: referred to as being 50,000 net registered tons the expression has
nothing to do with weight but rather only with the ruler.

The principles underlying tonnage were first promulgated by the Englishmari George
Moorson, in 1854. Although these principles are universally accepted, their application
because of the adoptiorr of unique measurement rules varies considerably from country to
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country and between the Panama and Suez Canals. This variation requires each ship to
maintain separate certificates of measurement for the Panama and Suez Canals in addition
to its national tonnage. The national tonnage, also referred to as -egistered tonnage, is
determined under the measurement rules of the country where the ship is registered and
whose flag it flies.

A ship's national tonnage is generally used for the application of safety rules and the
assessment of charges against ships including such items as registration taxes, port charges,
tug servies, and pilotage. Both gross and net tonnage are used as a basis for these charges
with little consistency among the countries of the world. In addition, both the Panama and
Suez Canals charge ships based on tonnage developed under their own rules.

Tonnage As An Economic Value
The determination of ship tonnage is normally the province of naval architects in that it

is based on the engineering features of ships. Although the principles of ship tonnage are
very eaily described and understood, the actual application of rules of measurement
represents a fairly substantial undertaking involving interpretation of numerous rules and
regulations. In its most basic form, ship tonnage is nothing more than taking a ruler and
measuring the internal cube of a ship.

Although it is usually thought of as a matter pertaining to physical characteristics,
tonnage is of primary economic importance. The tonnage values assigned ships are used as a
basis for distributing the costs of maintaining ship facilities of the world. Tonnage provides
an answer to the question of how to distribute the burden of costs among the users of the
facilities. As such, it represents an economic value of primary importance to ship owners.

Panama Canal System
The present method of tolls assessment for the Panama Canal was placed in effect at the

time of its opening in 1914 and was developed by studies completed in 1913 by Emery R.
johnson, Special Commissioner on Panama Canal Traffic and Tolls. Both the system and
rate of tolls placed in effect at the opening of the canal have remained basically unchanged.
As described in Chapter II, the current rate for commercial ships is 90 a net ton for laden
ships and 721 a ton for ships in ballast, i.e., empty.

Both the method of tolls assessment and the level of rates for the Panama Canal are
established by statute. Regaraing rates the statute provides that the rates be established at a
level to recovei speý;.fic costs. Such costs include all costs of operating the Panama Canal,
interest on the U.S. inzvestment at the curreni average cost to the U.S. T-easu.-y of its bonds
outstanding, and depreciation. However, no depreciation provision is made for the costs
incurred in excavating the original channels and harbors. The law limits rates so that they
can neither be higher nor lower than needed to recover the specified costs.

Emery R. Johnson, in his work for tie Panama Canal, concluded that it needed its own
set of tonnage rules for the following reasons: (1) the national rules of tonnage
measurement were not uniform, and (2) the Suez Ctnal sys.em was not as perfect as
Johnson would have liked it to be. The Panamai Ca.nal has maintained its own set of
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measurement rules from the outset of its existence to ass•ure equal treatment of like ships
which transit the Panama Canal.

iniversal Tonnage System
The existence of various rules of measurement by the canals and nations of the world,

alt1~ough all applying the same principle, has always been a source of concern to the
maritime nations and industry. For example, the United Kingdom's Board of Trade in 1862
took a position strongly favoring a universal system. Emery R. Johnson in his work for the
Panama Canal hoped that the Suez and Pa. ma Canal rules would be unified to provide a
basis for a universal system. After World War II the continental European countries
developed a new system referred to as the Oslo Rules and hoped that this would provide a
basis for a uaiversal system. In the past all these attempts have met with failure.

In 1960 the Inter-Governmental Maritime Consultative Organization (IMCO), an agency
of the United Nations, started -*ork on a universal system. A subcommittee of IMCO
work-.d for nine years considering various proposals. Although there was general recognition
regarding the desirability of one system, various interests urged that such a universal system
incorporate features of particular advantage to them. This entire effort culminated with the
Internm pional Tonnage Conference, 1969, which was convened in London. After approxi-
mately one month's work this conference, which included represtatatives of all the principal
maritime nations of the world, iwroposed a universal system. The successful implementation
of this proposed system requires acceptance by nations representing at least two thirds of
the world's existing ship tonnage through their usual governmental action. In the case of the
U.S. this would require a two-third's vote of the. U.S. Senate sincc this represents an
international treaty.

If the Panama Canal were to adopt the univer-nal system, it would not represent a major
change in its basis for assessing tolls but a continuat on of the traditional approach.

The E*fect of the Panama Canal System
As previously described, the present Panama Canal tolls system assesses ships based on

their internal cubic capacity. Generally, this has a close approximation to the cubic capacity
of the ship for carrying cargo. The closest approximation is achieved for tankers. An
example of a ship type where the system does not produce a close approximation is
container ships. The unused spaces among the containeri, and between the containers and
the hull are included in net tonnage. However, container ships usually carry significant
amounts of containers on deck and these are excluded from net tonnage under the theory
that they are not Dart of the ship.

Altholigh the present system assesses charges only against ships, sucl- charges can be
related to the ship's laden cargo. The correlation is, of course, obvious when a ship is only
carrying one cargo but becomes difficult to estimate for general cargo ships carrying
hundreds of different rargos.

Although the present tolls rate for laden ships is a uniform 900 per cubic ton, the
resultant effective charge per long ton of cargo varies considerably because of the varying
density of different cormmodities as illustrated by the following table which assumes no
ballast return:
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Average Calculated
Toll Per Weight Tons Effective Toll

Panama Canal Per Cubic Per Long
Commodity Ton Ton Ton

Iron ore $.90 6.7 $ .14
Coal .90 2.4 .38
Fuel oil .90 2.6 .35
Corn .90 2.0 .45
Automobiles .90 .1 9.00

The weight tons per cubic ton used in this illustration are based on the average physical
characteristics of the commodity.

There are, of course, many additional factors which influence the effective tl!.s rates by
commodity . An obvious factor is the degree to which a ship is fully laden. If a ship is only
laden to the extent of one half of its capacity, obviously the effective tolls rate will be twice
what it would have been had the ship been laden to capacity, since the present tolls system
assesses tolls based on capacity and not cargo actually carried. Similarly, if a ship regularly
transits laden and must return in ballast, the effective toll rate per long ton is almost twice
that of a ship that has a backhaul cargo. Riturn ballast transits are common for tankers.

Another factor which is not quite so obvious is the effect of ship type on cargo carried
due to ship design. For example, an ore carrier is especially designed for iron ore and has
only the small cubic capacity required to carry the heavy iron ore. Conversely, the bulk
carrier has twice the cubic capacity, permitting it to also carry more bulky but less heavy
cargos such as coal and grains. Since a ship is assessed on cubic capacity, the bulk carrier is
charged twice the amount of tolls per weight ton of capacity.

The present system, because of the factors described above and due to other factors,
has the effect of producing a range of toils rates by commodity. The table below illustrates
the ave-rage and range of effective tolls rates for typical commodities using the Panama Canal
based on studies made by the Panama Canal Company:

Tolls Per Long Ton

Commodity Lowest Highest Average

Manufactured
steel $ .20 $ .70 $ .46

Coal .45 .90 .55
Rice .45 1.50 .65
Soybeans .70 1.75 1.09
Paper .70 3.00 1.53
Bananas 1.50 4.00 2.76
Automobiles 2.00 13.00 7.23
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Pricing Based on Cost
However structured, the rates mulst produce sufficient aggregate revenue to cover all

costs. The problem is how to best structure the rates to obtain the necessary revenues.
Possibly the most obvious basis for structuring rates, and the one which may appear to

be most fair, would be to refer to the cost of rendering the service. As an example of such a
pricing system reference can be made to the merchandise industry. If a customer spends
$1.00 for a grocery item at the supermarket, it is likely that 700 or more represents the
out-of-pocket cost of the item to the supermarket. Prices for which cost represents a high
percentage of the total are characterized as being based on "cost of service."

It is important to note that the relevant costs in a pricing decision are direct costs or
those that can be identified with the service rendered. The purchase cost of the item to the
supermarket is a direct cost and relevant to the pricing decision. In contrast, take the
example of a theater. The cost of producing a play cannot be identified with any one seat or
group of seats within the theater. Of course, various assumptions can be made on how to
relate such costs but these assumptions are arbitrary.

The construction cost of building a sea-level canal should be examined to determine if it
forms a basis for pricing. The most obvious possibility would be the cost incurred to render
transit service to large ships if conventional excavation methods are used. The incremental
construction costs to provide transit service for ships, say, above 100,000 DWT, should be
recovered from these ships or from an economic viewpoint such additional costs should not
be incurred. To the extent that such costs are unrecovered from the user; for which the
costs were incurred the remaining users are required to pay this deficiency.

Other than construction costs, the other source of cost data for a pricing decision for a
sea-level canal would be the operating costs. Those operating costs which directly re.late to a
particular type of service or type of ship should be assessed to the user receiving the service.
The existing Panama Canal has only a small percentage of operating costs which can be so
related. It is likely that a sea-levcl canal would, if anything, have a lower percentage.

It is probable that cost data will provide little basis for structuring tolls for a sea"Ievel
canal. Although incremental construction costs should provide a gi,',e based on projections
of large ship use of the sea-level canal, there is probably little likelihood that these users
would be willing to pay the resultant heavy tolls charges. The fact that such large ships
should pay a substantially higher toll is academic if the value of !, 1vice rendered (such as the
Lcost to the ship of taking an alternative route) is less.

Pricing Based on Value of Service
The value of the ft.rvice rendered establishes the ceiling on prices. If a proposed toll

charge exceeds such value, the commodity and ship will cease to use the sea-level canal.
Differentiating prices on the basis of the value of service received can be justified.

Commodities and ships with little opportunity to divert from the sea-level canal can be
charged much higher tý,`Ik since the value of service received is also high. Conversely, traffic
with economic alternatives to the use of the canal are recei:ing a lesser benefit or value of
service and thus the toll charge should be lower. A previous ;)art of this Chapxer discussed in
detail the measurement of value of service based on such alL'rnatives as qship routing, ship
size and pipelines.
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There is often a misunderstanding of the difference between a toll based on value of
service and value of cargo. Ad valorem is another description for a value of cargo basis. The
fact that cargo has high value may justify higher tolls based on such standards as fairness but
this does not mean that the cargo is irsore limited in its alternatives to the use of a sea-level
canal. Shippers of low value phosphate rock may have limited opportunity to divert from
the canal and thus would be willing to pay substantially higher tolls than would be shippers
of higher value banana.s with several alternatives available.

Marginal Pricing
Previous sections of this report discussed cost of service and value of service as a basis

for pricing. This section will combine the two concepts into what is referred to as marginal
pricing.

Each ship transiting the canal should pay as a minimum an amount equal to the direct
costs of rendering service. In adition, each transit should make a contribution toward the
fixed opurating and sunk investment costs of the canal. The total charge cannot exceed the
value of service (benefit received) or the demand for the service will disappear. Such a
concept is referred to as marginal pri~ang.

A business or financial undertaking with a high level of sunk investment and/or fixed
operating costs is one in whic& the mar~iral pricing concept is most applicable. These, of
courmt, are the cost characteristi•.s of the sea-level canal. The following data are assumed to
Hllust'ate the concept.

Traffic Analysis

Present Tolls
Total

Ship Type Transits Per-transit Total

Small 1,000 $ 600 $600,000
Large 100 2,000 200,000

Total Revenue $800,000

Regarding the opportunity to increase tolls, assume that 100 of the small ship transits
and 20 of the large ships would not be willing to pay any additional tolls; i.e., a tolls
increase would result in a loss of the traffic. Further, assume that increases of 100% can be
made on the remaining traffic or 900 of the snall ships and 80 of the large ships.
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Total Annual Canal Costs

Fixed costs -
Interest $550,000
Investment recovery 100,000
Fixed operating! 70,000

$720,000

Marginal costs -
Small ships ($50 transit) $ 50,000
Large ships ($300 transit) 30,000

$ 80,000

Total Costs, $800,000

Assume that a 25% increase in revenue is required to meet expected increased costs or a
revenue objective of $200,000 after all present expenses Further, assume that as a matter of
equity an across-the-board increase is made. This would resnit in the lass of 100 ($60,000)
small ship transits .nd 20 ($40,000) large ship transits that were sensitive to any tolls
increase, a total of $100,000 of revenue before the increase, less $11,000 in marginal costs,
or a net loss of $89,000. To make up for this loss in traffic and produce a net increase in
reven'Ae of 25% would require that the remaining transits must absorb an additional increase
in tolls. The less sensitive traffic would thus have their tolls increased a total of $289,000 or
41%.

Assume that rather than an across-the-board increase a selective rise is made based on
traffic sensitiviy. The sensitive traffic is assigned no increase and the entire additional
$200,000 is absorbed by the less sensitive traffic. This results in a 29% increase to the less
sensitive traffic.

The foregoing example indicates that if a canal is in competition with alternatives, has a
high level of sunk and fixed operating costs, and low marginal costs, a marginal pricing
system is beneficial both to the canal and users. So long as any traffic is covering more than
its marginal costs, there is no financial justification to take action which results in losing
such traffic. In fact, a canal should attempt tn !::::act all possible traffic willing to pay tolls
that exceed to any extent the marginal cost of providing service.

Although marginal pricing may be unique in the maritime industry, it is commonplace
both in other forms of transportation and in other industries. An outstanding example of
the application of the marginal pricing concept is the substantially lower e- ening and
weekend telephone long-distance rates charged by the Bell Telephone System.

The essential but difficult determination under a marginal pricing sys, em is the
determination of value of service. This may be best measured by commodity, ship route, a
combination of both, ship size, or possibly some other basis. The selection of a parameter
should be made on the basis of the one that most accurately measures valve of service and
provides a system that is practical to administer. To a substantial degree, valae of service
measurement requires the application of judgment. Admittedly, it may be difficult to make
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these judgments, but such difficulties should not preclude the application of sound
principles.

It should be recognized that opposition to a marginal pricing system could develop. The
basis for such opposition could be based on the discriminatory aspects as well as the
difficulty in measuring value of service previously discussed. Arguments of discrimination
will be rut forth by those interests which must pay the higher rates. Depending on the type
of canal admitistration that has been established, the political pressures bro',jght to bear on
behalf of various interests for lower rates may be difficult to treat. In the case of telephone
prices previously cited, there has been little difficulty justifying them because thc redLctions
went to the "right" groups; i.e., the general public receives the lower rate rather than the
businessman.

At existing levels of tolls the traditional tolls structure as represented by the Panama
Canal or proposed universal tonnage system may be appropriate. However, even at existing
levels of tolls some differentiation in charges may be necessary for traffic that can use huge
ships. If additional levels of revenue are necessary, it is fairly certain that a different tolls
system will ht required to retain the traffic, and the system that is most likely to assure the
financial success of the sea-level canal would be marginal pricing. By such a system the canal
administration would have a vehicle by which to respond to competition as it developed
from -such sources as new technology. With its low level of marginal costs, there is little.
traffic from which the canal would not financially benefit by attracting.

Administrative Feasibility
In designing a tolls stracture, simplicity and acceptability are desirable attributes. Rate

structures should be easy to understand and enable the canal administration to administer
them currently and impartially. In this regard, it is desirable to minimize the number of rate
elements and to select rate elements wnich identify meaningful service features.

Traditional tonnage systems have a long history of acceptability and are reasonably easy
to administer. Undoubtedly, a marginal pricing system would be more difficult but such a
system could be administered on a reasonable basis if the number of commodity or other
classifications were limited. The number of classifications required should be determined at
the time of a decision to implement a marginal pricing system. If some large user such as
crude oil could be lost to an alternate, possibly only two rates of toll would be required:
one for crude oil, and a second for all other traffic.

It should be possible to construct a tolls structure based on the principles of marginal
pricing that is administratively feasible. In support of this conclusion, it may be desirable to
illustrate the type of structure that is contemplated. The basic charge against the ship would
be set at a level to recover from each transiting ship the marginal cost of providing transit
,service. The traditional ship tonnage basis could possibly be used for this purpose. The
second component of the toll would be a charge of varying rates depending on the
alternatives of that commodity or ship to the use of that canal. Assuming that commodity
would be the most appropriate measure of the value of the service, Table V-I 9 illustrates the
type of commodity classification that may be established. In an attempt to indicate the
degree of administrative difficulty associated with this type of tolls structure, Table V-19
indicates for Fiscal Year 1967 the percent of the commodity classification which transited
the canal on ships carrying only that single commodity. It should be noted that for most
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TABLE V-19

SUMMARY OF MAJOR COMMODITY MOVEMENTS
THROUGH PANAMA CANAL

FISCAL YEAR 1967
(000 Long Tons)

Long Tolus
Percent

Single Commodity
Commodity Total Ship1

Crude Oil 5.3 88%
Petroleum Products 11.5 89
Coal 9.4 93
Iron Ore 4.0 99
Sugar 3.3 99
Bananas 1.4 88
Coarse grain 3.9 76
Soybeans 2.0 55
Lumber 4.4 77
Alumina/Bauxite 1.3 97
Phosphate Rock 3.6 78
Wheat 1.7 82
Scrap Metal 3.5 99
Rice 0.6 81
Wood Pulp and Paper 1.8 33
lIýitrogenous Products 2.6 65
Suffur 0.8 68
Chomicals 1.7 34
Manutactures of Iron and Steel 5.3 51
Motor Vehicles 0.6 38
Non-ferrous Ores 1.0 46
All Others 16.5 -

86.2

Note: rPercent of total long tons of commodity clasaification transit]ng the Panama
Canal in shirt which awe laden with that single commodity.

commodity classifications the preponderance of the tonnage moved in single ship lots,
minimizing the administrative effort associated with such a commodity related system.

Suct[ a system would require a certain level of verification to insure accurate reporting
c,i" commodity and other data to the administration. Although requiring some effort, this
c.... "- do, e oni a basis acceptable to both the user and administration.

Effect on the User
Prior to a change in tolls structure, serious consideration would need to be directed to

the matter of impact on the user. The most significant difficulty regarding structuring of
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tolls from the user's viewpoint is the question of distribution of burden. This problem.
develops if the level of tolls is above the direct cost of rendering service but below the value
of service received. Under these circumstances, what relative share of the total costs of
oerating a canal should each user bear? Of course, each user will argue that his share should
be lower. There are also such questions as the rich nations versus the poor. Where tolls place
a burden on commodities i;rom less developcd nations, the exporters will maintain that their
tolls burden should be least. Because of the many unknowns regarding the circumstances in
which an administration will find itself when a sea-level car al is op~ened, it would be
premature to speculate on a proper basis for dis'ributing the burden. Accordingly, no
findings regarding this matter have been reached.

There are additional considerations with which a canal administration would need to be
concerned in selecting a tolls structure. There is, for example, the question of minimum
impact of char;e. Most of the traffic for the sea-level canal will have previously used the
existing Pan. ,ia Canal. The rate structure then in existence for the Panama Canal will need
to be considered. Whenever pricing systems are changed, it is usually desirable to minimize
the extent of the c'hange being made.
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Chapter VI

CONCLUSIONS

The following are the major conclusions derived from this study:
I. Potential Isthmiar canal total tounage will increase at a diminishing rate from the

6.5 percent annual growth rate experienced by the present Panama Canal in the last 20
years.

2. Potential Isthnian canal total tonnage in the year 2000 is expected to be about
357 million tons, increasing to about 771 million tons in the year 2040. However, wide
variations from these levels are possible over so long a forecast period.

3. The potential demands on the present Panama Canal will exceed its yearly capacity
of 26,800 transits* in the period between 1989 and 2000.

4. The maximum number of potential annual transits forecast for the year 2000 is
approximately 38,400. Maximum transit requirements for the year 2040, based on a
conservative cargo tonnage growth estimate subsequent to the year 2000, are about 68,000.
A slightly higher tonnage growth rate during the period 2000 to 2040, which is a distinct
possibility, could result in appro!'imately 100,000 transits by the year 2040.

5. A canAl incapable of accommodating ships of 200,000 DWT or greater will not be
fully competitive '-ith such large ships on alternate routes and hence will not attract all
potential canal tr.' ic. A canal that could transit 250,000 DWT ships could accommodate all
the ships projected for the world fleet in the year 2000 that would be likely to use an
Isthmian canal. The minimum upper size limit that should be considered for initial
construction is 150,000 DWT.

6. A pricing system for tolls designed to meet the competition of alternatives to the
canal will attract the most traffic and generate the greatest revenues in a ful'ire canal of any
type, lock or sea level. If necessary, selective increases averaging 50 percent over present
tolls can be applied without markedly affecting traffic growth. Such increases would
produce gross revenues approximately 40 percent greater than those attainable under the
present tolls system.

*EFjnmto d imt¢ physcl operating; e ti, with hjot impirovemuents to incluh aaupneutioat of water supply.
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Appendix 1

METHODOLOGY FOR COMPUTATION OF PROJECTED
CANAL TRAFFIC AND REVENUES

1. Definitions
a. Total Potential Tons: The total annual tonnage (long tons) that potentially would

transit through an unrestricted Isthrnian canal; projected to Year 2040, based on Panama
Canal experience and other considerations.

b. Cargo Mix: Percentages of the total tonnage carried on each of the three major
ship types-tank ships, dry bulk carriers (including dry bulk, combination Jry bulk, and ore
ships), and freighters (including general cargo, pa isenger, refrigerator, and container ships).

c. Ship Efficiency: The ratio of total cargo tonnage (long tons) to total deadweight
tons (DWT); computed for each ship type, and based on Panama Canal experience for Fiscal
Year 1968 and the first half of Fiscal Year 1969.

d. Average DWT: The average size ship (DWT) which would use an Isthmian canal;
computed fcr each of the three ship types from world fleet size distribution projections,
Panama Canal experience, and adjusted for the maximum size ship which could transit the
canal option being considered.

e. Average Toll per Ton: The average toll per long ton of cargo; computed by
weighting, in proportion to the cargo-mix, the average toll per ton of cargo for each type
ship determined from current Panama Canal experience.

2. Computations
a. Total Transits Required

Tanker cargo mix
Total transits = Total potential tons x Tancencar e DWT +(Efficiency) (Ave DWT)

Julker cargo mix Freighter cargo mix

(Efficiency)(Ave DWT) (Efficiency)(Ave DWT)

b. Total Tons Transmitted

Total tons = 1) totil potential tons, when total transits
required ar- less than transit capacity of
canal option considered.

or Transit capacity
= 2) Total potential tons x

Total transits required

When total transits required are greater than
transit capacity of the canal option considered.
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c. Total Annual Revenue
Total revenue = (total tons transited) (Average toll per ton)

3. Explanation
The five basic variables required for the computation of projected canal revenues are

defined above (Sec. I). These variables are related as shown in Sect. 2, to compute total
annual revenue. These computations are repeated for landmark years through the period cf
interest. By changing the values assigned to the five variables, within judgmental constraints,
the sensitivity of the revenue projections to these variables can be examined, and a range of
reasonable revenue projections can be obtained for each canal option considered. A detailed
explanation of the method for selection of the numerical values of the five variables is given
in Section 4. Section 5 presents the results of this sele' tion process. Section 6 gives the
results of the computations, using the selected values for "he five variables.

4. Determination of Total Potential Tons, Cargo Mix, Ship Efficiency, Average DWT,
and Average Toll per Ton

a. Total Potential Tons: The total potential tonnage forecast is based primarily on
an analysis of the historical relati-onship between time series growth of commercial cargo
tonnage passing through the Panav- ! Canal and the Gross Product growth of the geographic
regions that contributed to this traffic. Projections were developed by correlation of
selected regional cargo tonnage exports and forecasts of regional product growth. Special
consideration was given to forecasts of economic growth of Japan and projections of canal
traffic that might originate from that country. For further details on the potential tonnage
forecast, see Appendix 3, Isthmian Canal Potential Tonnage Forecast. A lower tonnage
forecast was developed under different assumptions and is presented for alternative revenue
planning purposes.

b. Cargo Mix: The shipping fleet has been divided into three geniral classes: tankers.
dry bulkers, and freighters. The three classes of ships are examined separately because they
operate with different efficiencies, size distributions and average tolls per ton of cargo. A
percentage of the total tonnage transited by ship type, defined here as the "cargo mix", is
assigned for each snip type. The values for the early years of the revenue computations are
based on current Panama Canal experience. The future cargo mixes selected are based on
Panama Canal cargo tre:,ds and projections of future world fleet composition by type of
vessel.

c. Ship Ffficiency: Ship efficiency is defined for these purposes as the ratio of
cargo tons transited through the canal per DWT of vessel. It relates ship cargo capacity
(DWT) to transits in ballast, partially laden transits, and cargo density. Values for ship
efficiency were computed from current Panama Canal experience. Freighters have a
relatively low efficiency, since they carry a light density cargo as compared to the bulk
product carriers. Tankers now have a lower efficiency than the dry bulkers because tankers
make a large number of their transits in ballast.

Panama Canal records cargo tons and Panama Canal tons (PCT) uut not DWT.
Therefore a relation between PCT and DWT was required to compute efficiency in Panama
Canal traffic. The DWT for certain ships transiting Panama Canal in 1966 were obtained.
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From plots of DWT vs PCT, a general relationship was obtained for each type of ship. The
results generally showed (with some exceptions for minor ship classes that 1 PCT = 2 DWT.

d. Average DWT: The cargo tonnage was assumed to be carried on average size
ships (DWT) for each of the three classes of ships. The size of this average ship was
determined from Panama Canal experience (FY 1968 and the first half of FY 1969) and its
relationship to the world fleet, the canal configuration being considered (i.e., the maximum
size ship that can pass the canal), and projections of world fleet size distribution.

The following idealized case will illustrate the procedure. The Maritime Adminstration
has provided projections of the size distribution of the world fleet. Figure A-I-I shows a
hypothetical projection as a plot of DWT vs. Percent of ships with greater DWT. The average
world fleet ship is indicat.d. The average size of this ship passing through the Panama Canal
currently is shown at level "a".

If it is assumed that the future Isthmian Canal traffic composition will continue in its
current relationship to the world flect composition, the average size canal ship will grow
along line a-b-c. If the relationship is assumed to change, then the percentile of the world
fleet size distribution in which the average canal ship lies will change. For instance, a
modernized, large capacity canal may attract a greater percentage of large ships than does
the current canal. In this case, the growth of the average ship size using the canal would
follow a trend such as a-b-c.

One further modifying variable must be considered: maximum ship size that can pass
through the canal. Various maximum ship sizes are considered to define and compare canal
configurations. The largest ship size limitation does not affect average size of the relatively
small freighters but it does affect the larger dry bulkers and tankers. Figure A1-2 illustrates
the latter case. As before, the current size of the average ship passing through the Panama
Canal is shown at Level "a". The growth represented by the line ;-,r-c again assumes that the
average ship through the canal is in a constant percent.!- of p part of the world fleet
smaller than the largest ship which could pass through tihe canal ou.wion under consideration.

e. Average Toll per Ton: The average toll per ton of cargo was computed by first
considering the three types of ships separately. Tolls are based on Panama Canal Tons
(PCT)-a measure of revenue producing space. (I PCT = 100 cubi, feet of actual earning
capacity.) Because dry bulkers fill cargo space with dense cargo, they pay less tolns per ton
of cargo than do freighters with their lighter cargoes. Tankers pay an intermediate rate
because of their large number of ballast trans'ts. Once the average toll per ton of cargo was
computed from 1968 to 1969 canal experience for each type ship, an overall canal average
was obtained by weighting each ship's rate by the corresponding cargo mix percentage.

5. Results-Total Potential Toi, Cargo Mix, Sbip Fffwiency, Average DWT, Average Toll
per Ton

a. General: Prior to F7 1968, the P~anama Canal commercial ocean traffic experience
was recorded under four ship types--tankers, ore ships, passenger ships, and general cargo
ships. Beginning in FY 1968, the ship classes w'ere further subdivided to report separately
combination c.,rriers, contair-r cargo ships, dry 13ulk cani.-rs, iind refrigerated cargo ships, in
addition to o,-, passenger, general cargo, and tank ships. These subdivisions allowed
identificatiun for the first time of the role of the three general ship classes established by the
Maritime Administration and used in this study--freighters, dry bulKers, and tankers. All
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traffic other than commercial ocean traffic identified by these three ship classes has been
included in the freighter class. On the average this other traffic has the same operating
characteristics as do the commercial ocean freighters (i.e., similar efficiency, average DWT
and average toll per ton). The analysis of cargo mix, ship efficiency, average DWT, and
average toll per ton is thus largely based on FY 1968 and the first half of FY 1969 Panama
Canal experience. The results of the 1968-1969 analysis for these four variables are given in
Table Al-I. For the purposes of comparison, the records of commercial ocean traffic for
1951-67 were examined for two ship classes, general cargo ships and tankers. The results are
presented in Table AI-2.

b. Total Potential Tons: Total potential cargo tonnages were taken from the
potential tonnage forecast as described in Chapter IV and Appendix 3. This forecast was
made by projecting forward a regression analysis of Panama Canal tonnage vw. Regional GNP
back to 1950. A high correlation was established between regional product and the tonnage
passing through the canal from the fifteen regions comprising the world. In the case of
Japan, the present rate of growth was diminished to 5% in the year 2000 in anticipation of
the diminishing of the present phenomenal rate of growth of its economy. To each value of
the commercial ocean tonnage forecast, two million long tons were added as anticipated,
peacetime government cargo. Lower cargo tonnages for alternative lower revenue planning
puiposes were taken from the low tonnage forecast described in Chapter IV. This forecast
was made by projecting separate forecasts of Japan trade and all other commercial cargo,
with an additional allowance for unforseeable trends. The two torecasts are summarized in
Table At -3.

c. Cargo Mix: The recent history of Panama Canal commercial ocean traffic cargo
mix is plotted on Figure A 1-3. The tank ship tonnage has shown a slow growth to a high of
22% of the total transited in 1965-67 with a 19 year average of 17%. The 1968-69 average
of 17% has been selected for the projection of tanker cargo mix, and is assumed to remain
constant through the period of interest. Figure A 1-3 also shows the steady large role of the
general cargo ship class until the dry bulker-freighter classification was first made in 1968.
Two possible cargo mix projections were examined. The -46% Freighter Mix" assumes that
current trends of the mix will continue throughout the future period. This is illustrated in
Figure A 1-4. The "25% Freighter Mix" shown in Figure Al-5 assumes a decline in the share
of tonnage carried in freighters and a corresponding increase in that carried in bulkers.
Assignment of an increase to tankers need not be considered since such an increase makes
no significant difference in the end result of transits and revenues. The two cargo mix
projections are recorded in Table Al -4. The implication of the 46% mix is a relatively large
number of total transits as compared to the 25% mix.

d. Ship Efficiency: A Panama Canal Ton (PCT) was related to a deadweight ton
(DWT) from a listing of 1966 Panama Canal traffic by ship rhme, type, PCT and DWT. The
data are plotted in Figure A 1-6. The relations!-ip of FC'r/DWT obtained showed that I PCT
= 2 DWT for all major ship classes. (Exceptions: Passenger ships, I PCT = .6 DWT; container
ships, I PCT = 1.1 DWT.)

Using the above relationships for PC'T/DWT and current Panams Canal records of PCT
and total cargo tonnage, the ship efficiencies listed in Tables A I-I and A 1-2 were computed.
The general cargo ship efficiency remained quite stable during the period 1951-67, with an
average of .51. The tanker efficiency varied between .4 and .6 as the relative number of
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TABLE Al-i

PANAMA CANAL EXPERIENCE FY 1968 AND
FIRST HALF FY 1969

FY 1969 18 Month
Cargo Mix (%) FY 1968 (First Half) Average

Freighters 47 45 46
Bulkers 36 39 37
Tankers 17 16 17

Efficiency (Cargo Tons/DWT)
Freighters .41 .41 .41
Bulkers .70 .73 .71
Tankers .50 .47 .49

Average DWT
Freighters 10,600 10,600 10,600
Bulkers 26,900 27,700 27,200
Tankers 17,800 18,000 17,900

Average Toll per Ton
Freighters $1.12 $1.12 $1.12
Bulkers .60 .62 .61
Tankers .83 .87 .84
All Ships .88 .88 .88

NOTES: Rulkers we the dry bulk, combination dry bulk and ore sh'ps
included in commercial ocean traffic. Tankers arn the %sr* ships
Induded in commercial ooen traffic. Freighters we the general
cargo, paseemW, refrigerator, and container ships inclupled in
commercial ocean traffic, plus all other Panama Canal trff i not
considered a bulker, and tanker.

ballast transi cs changed, with an average value of .53 for 1951-69. Although the past 18
months average (.49) is below the 19 year average, it is well within the range of past
fluctuations, and has been assumed to prevail for the future projections. For freighters and
dry bulkers, the last 18 month averages were, also used-.41 for freighters and .71 for
bulkers. The long term stability of the general cargo ship classification gives confidence to
these values.

e. Average DWT for a Sea-Level Canal: Maritime Administration world fleet size
distribution projections for each of three types of ships are plotted in Figures A 1-7, 8 and 9.
The world fleet average ship size is projected to grow along line WF. The current average
Panama Canal ship for each ship type is indicated at level a -a. These average sizes were
obtained from 1968-69 Panama Canal data and recorded in Table Al -1. Figures Al -10,
Al-I 1, and Al-12 expand the portion of the previous figures in the range of the average
canal ship. Again WF = World Fleet Average Ship and a -a is the present Panama Canal
average. The growth of the average sea-level canal ship is indicated on the figures and is
recorded in Table A 1-5.
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TABLE A1-3
TOTAL POTENTIAL TONNAGE

(Long Tons of Cargo)

Tons (Millions)

Forecast 1970 1980 1990 2000 2010 2020 2030 2040

Potential Tonnage 111 157 239 357 503 643 743 778
Low Tonnage 111 171 218 254 290 325 363 403

TABLE A1-4

CARGO MIX

Cargo Mix Percentage of Total Potential Cargo Tons

1970 1980 1996 2000 2010 2020 2030 2040
"46% Freighter Mix"

Freighters 46 46 46 46 46 46 46 46
Bulkers 37 37 37 37 37 37 37 37
Tankers 17 17 17 17 17 17 17 17

"25% Freighter Mix"
Freighters 46 39 32 25 25 25 25 25
Bulkers 37 44 51 •3 58 58 58 58
Tankers 17 17 17 17 17 17 17 17

In the case of freighters, the present average canal freighter falls in tf e 33rd percentile
of the world fleet distribution. This relationship is assumed to continue and the growth of
the average freighter size in a sea-level canal will be along line a-b, Figure Al -10. The
maximum size limitations of the Panama Canal and any sea-level canal are not expected to
restrain this growth.

The presesit average Panama Canal bulk, ,'is *n the 16th percentile of the world bulker
fleet size distribution. It was assumed that the average size of the bulker would grow along
the 16th percentile line of that part of Lhe world fleet smaller than the design ship (i.e.,
65,000 DWT for the present canal, up to 250,,00 DWT for the largest canal). Thus, the
growth of the average size bulker which would pass through a sea-level canal is expected to
be modified by the maximum size ship that can be accommodated by the canal. With the
present lock canal size limit of 65,000 DWT, the bulker average size will grow along line a-f,
Figure Al-I l. This growth is less than that for a larger canal, such as for a 250,000 DWT
maximum ship case shown at a-b.
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The same effect on growth is seen for tankers in Figure AI-12. However, in this case the
present average canal tankers is in tbu 65th percentile. Since it is expected that the future
average canal tanker will at least app.oach the median of that part of the world tanker fleet
which can pass through the various canal options, the percentile in which the average canal
tanker is placed was changed from 65% in 1970, to 60% in 1980, 55% in 1990, and to 50%
in 2000 and thereafter.

f. Average Toll per Ton of Cargo: Tables A1-I and AI-2 record the average toll per
ton of cargo for each of the three types of ships from Panama Canal experience. The average
toll for the canal as a whole is obtained by weighting the individual averages by the cargo
mix percentage. Table Al -6 gives the results of these computations for the two cargo mixes
considered.

6. Results-Computation of Transits Required and Projected Revenues
a. General: The computations of the transit requirements and projected rmven,'es

were carried out for the potential tonnage forecast, using the twn cargo mixes selected, and
for the low tonnage forecast with only the 46% freighter mix. For each combination of
tonnage projection and cargo mix, the cargo was assumed to be carried on ships whose size
was successively established at 65,000, 100,000, 150,000, 200,000 and 250,000 DWT. The
65,000 DWT limit corresponds to the present Panama Canal. A 26,800 annual transit
capacity was used for this case. For the remaining maximum ship sizes vo transit capacity
was applied. Once the specific canal options aiid their transit capacities are established, these
computations will be repeated to obtain revenue projections for each option.

b. Transit Requirements: Table AI-7 records the transit requirements for the various
cases examined in connection with the potential tonnage forecast. These data are plotted in
Figure AI-13. The top of each band is for the 65,000 DWT maximum ship size, and the
bottom of the band is the 250,000 DWT case, with the remaining cases falling within the
band. Transit requirements were also computed for the low tonnage forecast and are
recorded in Table AI-7 and plotted with dotted lines in Figure AI-13. The low tonnage
forecast assumes, among other factors, that a great volume of dry bulk cargoes in the higher
potential tonnage forecast will not move through an interoceanic canal. Therefore, only the
46% freighter cargo mix is considered for purposes of transit requirements.

The following observations can be made concerning these data:
(1) The maximum ship size to be accommodated makes little difference in the

number of transits required.
(2) The present Panama Canal transit capacity of 26,800 annual transits is

reached between 1989 and 2000 for all cases considered in connection with the potential
tonnage forecast; in the case of the low tonnage forecast, it is not reached until about the
year 1997.

(3) The cargo mix has considerable effect on transit requirements.
c. Revenue: Potential revenue for the cases considered assuming no transit

restrictions is plotted in Figure AI-14. The following comments apply to Figure AI-14.
(1) Revenue is not a function of maximum ship size accommodated, assuming

the potential cargo will be loaded on ships that will go through the canal.
(2) The revenue is la.sely determined by the tonnage growth, and is less

dependent on cargo mix than are the transit requirements.
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d. Detailed Computations: The detailed computations are recorded in Tables A 1-8
through Al 25. Tables AI-8 through AI-13 us,; the potential tonnage forecast and 46%
freighter cargo mix. Tables A1-14 through Al-19 use the same tonnages but use the 25%
freighter cargo mix. Tables A1-20 through AI-25 use the low tonnage forecast and 46%
freighter cargo mix. The following is an explanation of the table line items:

(I) The heading lists maximum ship size and maximum transit capacity (zero is
used for no capacity limit).

(2) Line 1-Projected potential tonnage-using the potential
tonnage forecast

(3) lines 2-4-Cargo Mix-using either the 46% Freighter Mix
or the 25% mix.

(4) Lines 5-7-Tons by ship type. (Lines Ix2=5; I x3=6; I x4=7).
(5) Lines 8-10-Ship Efficiencies.
(6) Lines I 1-13-Total DWT by ship type.

(lines 5/8=11 ; 6/9=12; 7/10=13).
(7) line 14-Total DWT all Ship (lines I 1+12+13).
(8) lines 15-17-Average DWT by ship type.
(9) Lines I 8-20-Transits by ship type (Lines I / 15= 18;

12/16=19; 13/17=20).
(10) Line 21-Total transits (Lines 18+19+20).
(11) line 22-Average DWT per transit (line 14/21).
(12) Line 23 -Average cargo tons per transit (line 1/21)
(13) line 24-Average efficiency (line 23/22)
(14) line 25-Tons transited. (Line 1 when line 21 is less that

maximum transit capacity; line I x (max. transits)/
line 21 otherwise).

(15) line 26-Average toll per ton of cargo.
(16) Line 27-Total Revenue (Line 25x26).
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Appendix 2

ANALYSIS OF PANAMA CANAL CARGO
TONNAGE HISTORY

Purpose
The purpose of this Appendix is to provide additional, detailed data on Panama Canal

cargo tonnage history and present the summary results of an analysis of these data. The
requirements for new Isthmian canal facilities are based on projected increases in cargo
tonnage that potentially would transit the canal. Sr -h projections are based not only on the
future outlook but on past experience. The tonnage history of the Panama Canal was
therefore exandned to identify trends in the growth of cargo tonnage. Certain important
components of the total were examined to determine their individual growth rates and their
contribution to the whole.

Data and Discussion
Tonnage data were derived from annual reports of the Panamra Canal Company. Some

of these data have already been presented in the summary discussion of Isthmian canal trade
and the potential cargo tonnage forecast in Chapter IV and are not repeated in this
Appendix. For reference purposes the following are pertinent:

Table IV-7: Panama Canal Cary, Tonnage by
Major Category, " - 1969

Figure IV-2: Cargo Trends in i .-iia Canal

Table IV-9: Major Trade Routes, Panama Canal Commercial
Ocean Traffic, Selected Fiscal Years 1947 - 1969

Tables IV-I 0 Comparison of Commercial Cargo Shipments
and V-I 1: to and from Asia with Other Traffic
Table IV-I 5: Role of Japan in Panama Canal Traffic,

Fiscal Years 1950 - 1969

An examination of the flow of Panama Canal traffic since World War II indicates that some
fifteen "regional areas" serve as both origins and destinations for cargo shipments through
the canal. For purposes of this portion of the analysis of lsthmian canal trade the "regional
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areas" are identified as follows in order of importance with respect to volume of cargo by
origin and destination, respectively, in Fiscal Year 1969:

Origin Destination

East Coast USA Japan
West Coast South America East Coast USA
East Coast South America Europe
Japan West Coast USA
West Indies West Coast South America
Europe Asia (less Japan)
West Coast Canada West Coast Central America/Mexico
West Coast USA Oceania
Asia (less Japan) West Coast Canada
Oceania West Indies
West Coast Central East Coast South America

America/Mexico
East Coast Central East Coast Canada

America/Mexico
East Coast Canada East Coast Central America/Mexico
Africa Africa
Asia (Middle East) Asia (Middle East)

Table A2-1 summarizes the flow of cargo tonnage from origin to destination for
selected years during the period 1947-1969. It shows that since the mid-i 950's the greatest
increase by far in cargo tonnage shipments in any one direction is from the East Coast
United States to Japan, increasing from approximately 5 million long tons of cargo in 1955
to over 27 million tons in 1969 (a growth rate of 13 per cent during this period). Cargo
tonnage shipments from the East Coast United States to other Far East destinations have
also demonstrated a high rate of growth during this same period (approximately 9.2 per
cent). Shipments from most other origins to Japan while not in the same volume of those
originating from East Coast United States ports, have also demonstrated a marked increase.
Eastbound tonnage from Japan and other Far East origins to the East Coast United States
have grown considerably in the past decade.

Although Japan and the other Far East destinations have exercised the greatest
influence on the overall growth of canal traffic with respect to markets for cargo shipments,
this has not been to the exclusion of significant growth along other trade routes. For
example, cargoes originating in East Coast South American ports have shown a marked
increase since 1950 in movements to the West Coast United States, West Coast Central
America, and West Coast South America. Cargo shipments from the West Indies to the West
Coast United States have increased significantly.

Table A2-2 summarizes commercial cargo movements to all destinations involved in
canal traffic for Fiscal Years 1959 through 1969. The most outstanding feature is the
remarkable increase in cargo movements (primarily from the East Coast United StateL) to
Japan. It should also be noted that th-re has been an overall increase in traffic to virtmall,
all other destinations.
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Statisticel Analysiv
Method
The method of least squares was applied to the Panama Canal cargo tonnage data for

the period 1947-1969. The !969 data is the annual rate based on the first 6 months record.
The least squares method ostablishes the equation of a curve such that the sum of the
squares of the deviations of the data points from the curve is a minimum. This curve is the
"best fitting curve." A straight line having this characteristic is called the least square line. A
parabola having this property is the least square parabola.

A computer was used for the actual calculations. The middle year of the time period
examined, 1958, was designated as zero. The units of the abscissa were one year, plus and
minus from the zero point. This "x" scale removes the arbitrary magnitude of the calendar
year so that the sum of the "x's" is zero. The ordinate was the logarithm of the cargo
tonnage for each year. The Log Y, where Y = cargo tons, was used because the growth of
the tonnage appears to approximate an exponential function. The logarithm of an
exponential function is a straight line, and the least squares method can be applied most
usefully to approximately linear data.

Three possible curves were fitted to the data:

Degree of Curvature Equti '- Curve

1 Log Y= a0 +alx Straight Line

2 Log Y = a0+alx+a2x2  Parabola or Quadratic

3 Log Y = aO+aaI x+a2x 2+a3 x3  Cubic

The output of the program printed the coefficients in the above equations, the actual
tonnage, the estimated tonnage (i.e., the tons determined by the equation of the curve), and
the annual growth rate. The sum of the squares of the residuals (deviations) was indicated.
The curve with the smallest sum was the "best iit." The growth rates were computed based
on the -stimated tons. Plots of the growth rates result in a constant rate of growth for the
first degree line, a constant change of rate of growth for the second degree curve, and a
quadratic curve for the rate of growth for the third degree curve.

Results
Total Cargo Tonnage
Total cargo tonnage has been increasing at an average annual growth rate of

approximately 6.5 per cent. The third degree curve, which gave the best fit, showed an
increasing growth rate at the end points of the time period, reflecting the effect of hostilities
in Southeast Asia and continued Japanese economic expansion for the most recent years.

Commercial Crxgo Tonnage
This tonnage has been increasing at a rate commensurate with that of the total cargo

tonnage. Growth rate curves of the first, second, and third degree all very closely fit the
observed data. The first degree curve indicated an average annual growth rate of 6.7 p,
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cent. The second and third degree curves indicated growth rates varying from 10.9% to 5.7%
with extrapolation to succeeding years giving widely varying results.

Tanker Cargo Tonnage
The data points are somewhat more scattered in the early years, but the growth rate

trend is clearly declining, with an actual decrease in tons recorded in 1968.

Total Cargo Less Tanker Cargo Tonnage
To e,.amine the effect on the total cargo tonnage by the declining rate of growth of

tanker traffic, the tanker tonnage was subtracted from the total and the least squares
method applied to the remainder. As expected, total cargo tonnage showed a more rapid
growth in recent years after subtracting the declining tanker trade.

Total Commercial Cargo Less Tanker Cargo Tonnage
The growth rate of the commercial traffic less the tanker cargo tons was examined.

Again, the remainder of the tonnage showed a higher growth rate in later years after
deduction of the declining tanker traffic.

Role of Trade to and from Japan
In 1969, trade with Japan amounted to 40% of Commercial Ocean Cargo tonnage. The

growth of this trade was examined by dividing Commercial Ocean Cargo into two categories,
"To and From Japan," and "All Other." The Japan traffic has shown a more rapi d growth
than the remainder of the commercial traffic. The rate of growth of the Japan traffic
appears to be declining, although the percentage of the total is increasing rapidly. The rate
of growth of the Commercial Traffic less Japan is low, due to the declining tanker
component.

U.S. Intercoastal
U.S. intercoastal tonnage has demonstrated a negative growth rate (i.e., a declining

tonnage).

U.S. to Foreign
This component of Commercial Ocean Traffic has shown an increasing growth rate in

recent years, largely because of the previously identified increasing trade to Japan from the
U.S. East Coast.

Foreign to U.S.
The growth rate of the U.S. import trade within the Commercial Ocean Traffic appears

to be declining.

Foreign to Foreign
The Japan trade holds a less prominent position in the Foreign to Foreign category than

in the U.S. to Foreign.
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Conclusions
The results of this analysis do not appear to point to a particular trend which is a best

predictor for projection of future canal traffic. The analysis does provide some useful insight
and guidelines for establishment of trene projections. As is to be expected, examination of
various components of the total results in the finding of some increasing trends and others
decreasing. One major increasing growth component was identified-Japan trade. U.S.
Government traffic fell in this category through 1968. However, in 1969 it experienced an
absolute decline owing to the scaling down of hostilities in Southeast Asia. The tanker
tonnage component appears to be declining.

The large increasing rates of growth indicated by the experience of recent years cannot
be expected to continue. Even a continuation of a constant rate of growth of approximately
6.5 per cent leads to cargo tonnages of such magnitude in future years that such projections
lose their value for determination of canal capacity requirements and anticipated revenues.
If it is assumed that the tanker trade will continue to decrease or at best remain constant,
that the scaling down of the Vietnam War will continue to result in decreasing U.S.
Government traffic, and that the growth of Japan trade will diminish, then a declining
growth rate is a reasonable projection. The rate of such decline wAil be determined by the
actual performance and timing of the foregoing trends plus any growth effects from other
trade routes and commodities.
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Appendix 3

ISTHMIAN CANAL POTENTIAL TONNAGE FORECAST

Introduction and Summary
This Appendix presents the results of an economic analysis that develops an estimate of

potential tonnage demand for commercial ocean traffic through an Isthmian interoceanic
canal. ihe study examines the historical relationship between time series growth of
commercial tonnage in the Panama Canal traffic to several combinations of independent
variables to establish an acceptable correlation for a mthematicai equation that serves as a
forecasting device.

Total commercial ocean traffic is expected to develop to about 33P to 409 million long
tons of cargo by the year 2000 reflecting a downward shift in anniu 1 1,.mowth to about half
that of the post-World War II experience. Forecast results art t-,'. :ed in &dtail in the
"Conclusion" section. This estimate of potential cargo tonnage r" sulk from computations
related to Tonnage Series 4, which appears in Table A3-3 and is refiecte6 in Tonnage Series
4-11I in Figure A3-1.

Prefatory Comment
The quality of any forecast depends on an understanding c!' the face ors of causality that

operate to expand and constrain growth. The history of past Panama Canal forecasts of
traffic growth is replete with attempts to link tonnage generation to assumed independent
variables; results have been generally inadequate.

The classical approach utilizes a technique of commodity analysis te:rmed disaggrega-
tinn; here, the growth-maturation-stagnation cycles of commodities are employed to
develop a total of commodity tonnage through the Canal. Subsequent analysis has shown
that the influence of new commodity development not accounted for in disaggregation is
increasingly important in extended forecast years because existing commodity growth
generates proportionately less tonnage as it achieves the maturity phase of its cycle.

The obverse of this approach, called ý,ggregation, involves the investigation of possible
relationships in macroeconomic variables that exhibit a statistically measurable link that can
be projected in the future (in an attempt to include the implications of eniduring structural
characteristics that dominate the economy in the long run). Temporar/ changes resulting
from military emergencies, weather cycles and agriculture, business speculition and politics
can have sharp repercussions in the short run, but tend to wash out over an extended time
frame.

Aggregation, therefore, is not so much a forecast as a projection-of past enduring
relationships irtto the future. The quality of such a projection is dependent on the depth of
understanding L-. the rlationship of the variables in the dynamics of the aggregation.
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The normal method employed to manipulate data in the aggregative technique is
statistical regression analysis. Thlis mleasures the change in one variablc against the change in
another to test the degree of correlation; the statistical validity is measured by the
correlation coefficient.1

The reader unfamiliar with such work may visualize this concept by the following
diagram:

Y

X

where y is the dependent variable, and x is the independent variable; a curve passed through
the plot of the data points minimizes the distance between the points; the correlation
coefficient expresses the degree of fit of the curve.

Logically meaningful relationships, however, can only be proved empirically, i.e., in
common sense observation of real world events. It is theoretically possible to statistically
"'expiain" relationships between variables that have no logical link so long as their rates of
growth are accidentally harmonized. More importantly, this can occur with partially related
variables; good judgment, therefore, is necessary in the selection of inputs for this regression
technique.

The Investigation
The aggregation employed in this forecast is regional. Aggregation at the world level

would omit important developments in regional economic evolution; aggregation at the
national level would yield time series data characterized by perturbation- unsuitable for
regressioi: work.

Fifteen regions of economic activity were specified which aggregate the total of nations
that produce all Panama commercial ocean tonnage. Time series data from 1950 to 1967
were developed for each region consisting of (1) the regional product, (2) the per capita
product, and (3) tonnage expurts through the Canal. Three scenarios were considered to be
of interest.
(1) Each region (considered as an origin) was related to each regional destination utilizing

the regional product and the per capita product as tht. independent variables; this
approach yielded 112 models.

(2) Each region (considered as an origin) was related to each regional destination utilizing
the regional products of both as the irdependent variables; this approach yielded 112
models.

The corfelation coefficient is an indicator that determines how well the tepesion line fits the obsrwvd data.
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(3) Each region (considered as an origin) was rn!4ted to all regional destinations utilizing
the regional product of the origin as the independent variable; this approach yielded
15 models.

The first study considered alternative (1,. Regression analysis1 was performed and 112
models were obtained with four independent variables; the models, in most cases, were
inadequate. The second study was identical to the first, except that two independent
variables were used. Although there appeared some improvement in the correlation
coefficients over the first, these 112 models were still inadequate. The third study
considered alternative (3) with one independent variable. Thirteen models had correlation
coefficients over .8 while two models (Asia Minor-Middle East and West Coast USA) were
inadequate.

A linear function (or straight line curve) was derived which exhibited a high correlation
coefficient, i.e., four of which are over .9 and the remainder (excepting Asia Minor-Middle
East and West Coast USA) over 0.80. The Asia Minor-Middle East series was recomputed
utilizing a shorter-ed time series that omits perturbations apparently resulting from the
general economic dislocation arising from the Suez situation. The West Coast USA series
could undoubtedly be improved by increasing the complexity of the equation, but such an

approach would conflict with the logic of the forecast and would increase the likelihood of
error in estimating the growth of the independent variables. Moreover, the observation of
such a preponderance of valid statistical relationships derived from a single independent
variable is significant.

The resulting equations provide a mathematical forecasting device that allows the
analyst to vary the independent variable (i.e., the regional product) and to therefore derive a
new dependent variable (i.e., canal tonnage generated).

Table A3-1 presents the linear form and correlation coefficients. Tables A3-13 through
A3-42 present the historical data.

The regional product of each of the 15 economic "cells" was similarly subjected to
regression analysis to aerive a forecast of regional product for each of the years from 1970
to 2000. In this case, the y-axis is occupied by the dependent variable, regional product, and
the x-axis by the independent variable, "time." Introduction of a new "time"... or year
yields a forecast of regional product.

The results exhibit high indexes of determination (which is a variant of the c ,rrela tion
coefficient) in all six curve-types. The results of the best three fits were utilized as input
coefficients to develop alternate levels of tonnages. Tables A3-2 and A3-3 zrid Figure A3-1

A set of data points given in cartesian coordinates was fitted to six diferent curve types. Te regression analysis
computes the coefficients A and B rot the best fit in each cas gtndex and F-ratio for each fit enabling the

user to compare the fit of his points to each curve type. The curves fitted jre expressed geometricilly as follows:

1. Y-A+Bx 4. Y-A+BIx

2. Y - AxS 5. Y -1/(A + Bx)

3. Y-Aeex 6. Y-x/(A+Bx)

the letter "e" stands for the base of the natuual logurithm, 2.718... For a more complete reference to mathematica!
formulation, se:Statistics in Resewch. 2nd Edition, by Bernard Ostle, Iowa State Unive.,sity Press, 1%3, Chapter 8.
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TABLE A3-1

RESULTS OF THE THIRD STUDY
(Alternative (3): one independent variable, regional

product; one dependent variable, canal tonnage)

Correlation
Origin Model Coefficient

Y=A + Bx

East Coast USA B=8.28
A=-23055 .976

East Coast Canada 8=3.8
A=532 .849

East Coast Central America B=4.5
A=-517 .826

West Indies B=82.0
A=-1188 .378

Europe 8=.59
A=779 .856

East Coast South America B=29.6
A=-8439 .984

Asia Minor - Middle East B=-3.8
A=238 .779

Africa B=1.09
A=-250 .890

West Coast USA 8=-.56
A=6917 .115

West Coast Canada B=28.
A=1351 .855

West Coast Central America B=6.5
A=-272 .917

West Coast South America 8=87.6
A=-153 .811

Oceania B=8.1
A=233 .872

Japan 8=4.9
A=- 1'3 .922

Asia (less Japan) 1-'6.4
A=439 .881
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TABLE A3-3

CARGO TONNAGE SERIES 4
(000 Long Tons)

Fiscal
Year 11 112 1112. IV2  V2

(9.5-6.0) (9.5-5.0) (9.5-4.0) (9.5-3.0)
1968 87793 88019 88019 88019 88019
1969 92285 92531 92531 92521 92516
1970 96J52 97205 97196 97186 97166
1971 101804 102051 102036 102017 101973
1972 106850 107084 107050 107005 106942
1973 112103 112304 112245 012171 112078
1974 117574 117722 117639 117521 117384
1975 123277 123349 123226 123059 122863
1976 129225 129196 129019 128799 128524
1977 135433 135268 135048 134734 134377
1978 141917 141569 141280 140883 140462
1979 148695 148119 147752 147247 146669
1980 155784 154927 154456 153829 153119
1931 163204 162008 161420 160641 159778
1982 170978 169367 168637 167686 166662
1983 179127 177026 176125 174973 173758
1984 187677 184990 183887 182545 181099
1985 196653 193246 191943 190370 188679
1986 206085 201840 200282 198430 196504
1987 216004 210776 208944 206793 204583
1988 226441 220069 217928 215424 212915
1989 237436 229736 227257 224390 221563
1990 249023 239786 236909 233636 230456
1991 261247 250236 246929 243219 239662
1992 274152 261109 257321 253137 249158
1?93 287787 272411 268104 263581 258980
1994 302206 284162 279252 273990 269114
1995 317446 296380 290819 284973 279593
1996 333628 309129 302813 296345 290441
1997 350761 322384 315245 308115 301628
1998 368936 335273 328140 320270 313205
1999 388233 350487 341510 332852 325184
2000 408738 365372 355367 345875 337575

IStraight application of best coefficients.
211 thru V very the Japan product growth rate as shown. However, the Japan growth rate is treated qualitatively

resulting from separate analysis. Additional Note: All tonnages employ curve (3) coefficients except West Indies.
East Cowst South America which we (1).

3 Used as the potential tonnage forecast of this Study.
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present the results. The indexes and equation coefficients for these three best fits are listed
in Table A3-66. It should be noted that in each tonnage forecast depicted in the results, the
forecast for Fiscal Years 1968 and 1969 is lower than the actual Panama Canal commercial
experience for these years (i.e., 96.5 million tons in 1968 and 101.4 million tons in 1969).
The devicadon of the forecast tonnage from the recent historical experience can be
understood by the fact that it (the forecast tonnage) represents, in fact, a curve which best
fits the entire historical series. Therefore, while the forecart does not achieve a best
approximation of the most recent years, it represents a judgment based on the entire
historical experiences since 1950. Cansequently, one can conclude that the middle range
years of the forecast period up to the year 2000 (i.e., 1980-1990) would have the the greatest
probability of approximating the forecast in the same mariner that the historical curve fits
all the Cata points.

The statistical measure of the tonnage-per-regional product growth for the 18-year
historical experience in each region is translated into new tonnage levels by introduction of
new coefficients in the linear equation, derived from regression of the regional product
series.

The Economic Assumptions
The predictive device is only as good as the assumption of continuity of this

relationship. This is really an average, of different relationships -hrough the observed period
although the high correlation in the linear form gives confidence in minimal deviation from
the average line. Nevertheless, evidence exists to suggest that the tonnage-per-regional
product shifts over time as economic maturation occurs.' This evolution warps the forecast
in an overstatement of tonnage (as almost all regions' per capita levels are rising) insofar as
the rate of change downward accelerates above that experienced in the past.

The historical data series was selected from a period of world commerce unaffected by
world war; a necessary implication of this forecast is the assumption of no extraordinary
political-economic dislocation. Also, because the historical time series provides the basis
from which the future is extrapolated, marked changes in past relationships - trade patterns
and economic growth will distort the forecast. the potential development of oil deposits in
Northern Alaska :s one example that could Later routes to refinery and market. Another is
the future economi,: growth of Japan.

Japanese Economic Growth
Japan's economy set records for sustained economic growth through the 18-year period

under consideration; at the same time, this country's proportional contribution to Canal
cormmercial tonnage increased markedly (see Tables A3-7 through A3-10). An analysis of
these growth rates suggested adoption of a wore empirically-oriented approach to the
forecasts of these series.

Japan's GNP, at the end of Fiscal Year 1971, is expected to total $200 billion, and
Japan will have consolidated its position as the third largest economy in the world. Over the

A growth in regional product generates an isnrease in tonnage exports that tranit a canal, but in a proportionately
smaller ratio as the per capita product rises. This may be explained by the implicntion of a"ch an advance in industrial
maturity; vertical and horizontal domestic economic intepration encourags inteeral satisfaction of ecorK nd.: industries
which characteristically promote dinse-weight tonnag exports.

IV-A-65



past 10-year period, Japan has averaged an annual 14 percent increase in nominal GNP
(about 10 percent in real terms). Table A3-4 contains a summary of economic indicators
pertaining to Japan.

The main thrust of Japanese economic progress during the past decdle has been
achieved through intensive domestic investment (particularly in plant and equipment)' to
exploit a rapidly expanding domestic market created through increases in real income and
low rate of population growth. Although the pattern is expected to continue for the short
range, eventual diminution in the surplus rural labor supply is expected to cause ipflationary
pressures. Additionally, the long-range prospects for real product growth must consider the
critical limitation of land.

The historic advantages of technological advance (in an economic area characterized by
poverty and low levels of mechanization, low labor costs, and opportunities for exploitation
of markets such as the European Economic Community, European Free Trade Association,
and the U.S.) will probably not continue to propel the Japanese economic development
along past linr.- of growth.

The forecast of Japan's economic development (and resulting implicit export tonnage
through a canal) contained in this study departs from the recent high levels of smstained
performance, and is instead reflective of such aforementioned institutional and economic
constraints expressed in performance levels ex-',Lited by other mature island nations, e.g.,
Great Britain. For projection,• of Japan produUt growth and cargo tonnage growth, see
Tables A3-5 and A3-6.

Mainland China
The influence of Communist China on expansion of Isthmian canal tonnage depends on

the evolution of new political accommodatien wi.h the United States and on internal
economic development with respect to ability to export desired commodities in the
competitive market.

Most Government observers cautiously predict a thaw in our political relationship with
Mainland COAna over the next decade. Such a development would establish a framework
within whicit could exist a potential for bilateral trade. The ecoiomic realities of world
trade, however, could work to restrain development of tonnage trade with the United States
which remains the prime generator of Isthmian canal trade from China.

little is known about the internal developments of China's institutional evolution and
revolution; China watchers, nevertheless, concd 'e that ideological reforms attendant to
Chairman Mao's "Great Leap Forward" caused serious damage to China's ecanomic
development in an attempt to supplant agriculture by heavy industry development as the
prime goal. These priorities were reversed again in the early 60's but the steady economic
development which followed during the period 1962-1966 was again set back by Mao
Tse-tung's "Cultural Revolution" 1966-1969. A long mrnge forecast of China's world trade
potential is dependent on fundamental idealogical-economic trends which appear to be
reemphasizing &'gricultural deve'opment. Such a program would reinforce the present

Private investment in plant and equipment incaued as a percentage of GNP from 22.0 to 31.0 ovar the period 1966-69;

the level is about twice that of the United States. Foreign trade as a percentage of Japan's GNP is only about 20
percent. This is less than half the level satained by many advanced Europman. nations.

IV-A-66



dependence of China on Japan and Western Europe for supply of sophisticated industrial
equipment and would severely limit China's ability to competitively enter the world trade
market with products attractive to the United States. American raw material import
requirements generally are satisfied by existing snurces and exports are somewhat higher
priced than European counterparts.

Economic Forecast
A realignment of China's economic priorities that emphasizes agricultural development

will probably result in a slow but steady rate of growth in gross national product; 3 per cent
annually has been chosen. However, continuation of a big population problem will probably
hold down the rate of growth in per capita GNP to about 1 per cent annually. The Canal
Tonnage/GNP ratio fir China equalled 1.823 in the highly disruptive year of 1950; it has
since declined to .035 in 1967, principally by virtueŽ of our economic boycott. Given
performances of the Canal/GNP ratio for other similarly placed regions, it is reasonable to
predicate a rise in this ratio to at least 5.0 over the next thirty years assuming
reestablishment of good relations. Results are summarized in Table A3-1 1. China's Isthmian
canal tonnage would, therefore, increase from 11.8 thousand tons in 1967 to over I million
tons by year 2000 based on a total GNP of $241.9 billion, a per capita BNP of $139.6 and a
Tonnagc/GNP ratio of 4.45.

Concdlsion
Four series of cargo tonnage forecasts are presented.
The first three reflect the growth rates of tonnage resulting from introduction of

product coefficients developed by each of the three curve types. (Table A3-2).
Thi fourth reflects the growth rates of tonnage resulting from introduction of product

coefficients of the three curve types that exhibit the best correlation coefficient (Table
AM).

Five variants on this fourth series are presented: 1/straight application of best
correlation coefficients; 2/ateration of the Japan product forecast from the best curve fit of
9.5 per cent annually on an exponertial line to 9.5 per cent annually declining to 6.0 per
cent; 3/alteration of the Japan product forecast to 9.5 per cent annually declining to 5.0 per
cent; 4/alteration of the Japan product forecast to 9.5 per cent annually declining to 4.0 per
cent; 5/alteration of the Japan product forecast to 9.5 per cent annually declining to 3.0 per
cent. For purposes of this forecast it was assumed that the product growth rate of 9.5 per
cent declining uniformly on an annual basis to 5.0% by th: year 200u was a reasonable
estimate of future Japan product growth.

An Extended Forecast
Little can be said about a forecast of Isthmian canal tonnage beyond the Twentieth

Century. The statistical forecasting device used in this Study has a limitation analogous to
that of a camera's focal length-imprecise in the very short and very long ranges. Statistical
manipulation of economic data gives way to philosophical speculation in such extreme
cases.

From year 2000 to 2040, a curve of uniformly de#lining rate (or slope) was constructed

such that at yea. 2040 the rate of increase is zero per cent. The "bending down" of the rate
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of growth in this period resulted basically from inability to I 'recast world trends from 30 to
70 years into the future. The curve diminisling to zero p -r cent of growth at 2040 was
selected as a conservative Lrowth estimate. the predict,,-' -. ,Rites are listed in Table A3-12.

The Data
No single source exists for a comprehensive CNP ser:es by nation and sub-group omer

the period required. Considerable data combination and manipulation was required to
develop a statistical series' expressed in constant 1967 U.S. dollars; four d:- uments,
however, provided the bulk of the material:
I ) Gross National Product: Growth Rates and Trend Data by Region and Cou.ntry, April

1969, A.I.D., U.S. Department of State.
2) Finance and Development quarterly No. 1, 1969, the I.M.F. and World Bank Group.
3) Statistical Yearbook, 1967 ...
4) Yearbook of National Accounts, 1907, both of the United Nations.

Cargo tonnage data were provided by the Panama Canal Company. Population
information came from a variety of sources with special reference to the Commerce
Department's Bureau of the Census, Foreign Demographic Division. Information on growth
rates in Communist China relates to various State Department publications and two Senate
documents entitled Mainland China in the World Economy, Hearings, 1967 and Report,
1967.

East Coast USA: all states excepting Pacific and Pacific Northwest (GNP was divided by apportionment of the 1967
estimated population ratio); West Coast USA: Pacific and Pacific Northwest states (per capita product is assumed
identical for each coast); East Coast Canada: excludes British Columbia, Alberta, Saskatchewan, Manitoba
(apportionment of GNP was based on the estimated 1966 population); West Coist Canada: includes the above
mentioned provinces; East Coast Central America: Mexico, Panama, Costa Rta, Gu.t!mala, Honduras, Nicaragua; West
Coast Central America is identical; West Indies: Puerto Rico, Cuba, Haiti, Dominican Republic, lamaica,
Trinidad/Tobago, Barbados, Bahamna, Netherlands Antilles; Europe: an OECD countries; Er:! Coast Sou; America:
Argentina, Brazil. Colombia. Venezuela; Middle East: lIael, Lebanon, Syria, Cyprus; Africa: all nations on the
continent; West Coast South America: Chile, Colombia, Ecuador, Ptaru; Ads (less Japan): Indonesia, Taiwan, Hong
Kong, Philippines an.. ,hoth Kores; Oce&iia: Australia and Now Zealand; Japan: Japan.
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TABLE A3-5
JAPAN: PROJECTED PRODUCT GROWTH RATES

(Billions of Dollars)

Fiscal 9.5%* to 9.5%* to 9,5%* to 9.5%* to
Ywr 6.0% 5.0% 4.0% 3.0%

1968 121.49.5 121.49.5 121.49.5 121.49.5
1969 132.9 9.4 132.9 9.4 132.7 9.3 132.6 9.2
1970 145.29.3 145.09.2 144.89.1 144.48.9
1971 158.4 9.1 158.1 9.0 167.7 8.9 156.8 8.6
1972 172.7 9.0 172.08.8 171.1 8.5 169.88.3
1973 188.0 8.9 186.8 8.6 185.3 8.3 183.4 8.0
1974 204.4 8.7 202.7 8.5 200.3 8.1 197.5 7.7
1975 222.0 8.6 219.5 8.3 218.1 7.9 212.1 7.4
1976 240.9 8.5 237.3 8.1 232.8 7.7 227.2 7.1
1977 261.1 8.4 256.6 8.0 250.2 7.5 242.9 6.9
1978 282.5 8.2 276.6 7.8 268.5 7.3 259.1 6.7
1979 305.4 8.1 297.9 7.7 287.6 7.1 275.8 6.4
1980 329.8 8.0 320.2 7.5 307.4 6.9 292.9 6.2
1981 355.9 7.9 343.9 7.4 328.0 6.7 310.4 6.0
1982 383.6 7.8 368.7 7.2 349.3 6.5 328.4 5.8
1983 413.2 7.7 394.8 7.1 371.3 6.3 346.5 5.5
1984 444.6 7.6 422.1 6.9 394.7 6.2 365.2 5.4
1985 477.4 7.4 450.8 6.8 418.4 6.0 384.2 5.2
1986 512.3 7.3 480.5 6.6 442.7 5.8 403.4 5.0
1987 549.2 7.2 511.86.5 467.9 5.7 422.8 4.8
1988 588.2 7.1 544.5 6.4 493.6 5.5 442.24.6
1989 629.4 7.0 578.8 6.3 520.3 5.4 432.6 4.5
1990 872.8 6.9 614.1 6.1 547.3 5.2 482., 4.3
1991 718.5 6.8 651.06.0 575.35.1 502.74.2
1992 766.7 6.7 689.4 5.9 604.05.0 522.8 4.0
1993 817.3 6.6 729.45.8 633.04.8 543.2 3.9
1994 870.4 6.5 770.2 5.6 662.8 4.7 563.3 3.7
1995 926.1 6.4 812.6 5.5 693.3 4.6 583.5 3.6
1996 985.4 6.4 856.5 5.4 724.5 4.5 604.0 3.5
1997 1047.5 6.3 901.8 5.3 756.3 4.4 623.9 3.3
1998 111.4 6.2 948.7 5.2 788.1 4,2 643.9 3.2
1999 118G,3 6.1 997.15.1 820.44.1 663.93.1
2000 1251.1 6.0 1046.95.0 853.2 4.0 683.8 3.0

"Average mnnudi Irmaue bmI.d an altot percentas ammmptions
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TABLE A3-6

JAPAN: PROJECTION OF CARGO TONNAGE GROWTH
BASED ON HISTORICAL RELATIONSHIP BETWEEN

PRODUCT AND TONNAGE
(000 Long Tons)

Alternate Product Growth Rate Assumptions

Fisca! I III III IV

Year 9.5-6.0% 9.5-5.0% 9.5-4.0% 9.5-3.0%

1968 4675 4675 4675 4675
1969 5239 5239 5229 5224
1970 5841 5832 5822 5802
1971 6488 6473 6454 6410
1972 7189 7155 7110 7047
1973 7939 7880 7806 7713
1974 8742 8659 8541 8404
1975 9605 9482 9315 9119
1976 10531 103b4 10134 9859
1977 11520 11300 10986 10629
1978 12589 12280 11883 11462
1979 13691 13324 12819 12241
1980 14887 14416 13789 13079
1981 16166 15578 14799 13936
1982 17523 16793 15842 14818
1983 18973 18072 16920 15705
1984 20512 19409 18067 16621
1985 22119 20816 19243 17552
1986 23829 22271 20419 18493
1987 25637 23805 21654 19444
1988 27548 25407 22913 20394
1989 29567 27088 .24221 21394
1990 31694 28817 25544 22364
1991 33933 30626 26916 23359
1992 36295 32507 28323 24344

1993 38774 34467 29744 25343
1994 41376 F64"6 31204 26328
1995 44105 38544 32698 27318
1996 47011 40.39L 34227 28323
1997 50054 42915 35785 29298
1998 52346 45213 37343 30278
1999 56561 47584 38926 31258
2000 60030 -50025 40533 32233

1 ULMd In the forcwt four tonnm orlgorulrnl in Jwe.
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TABLE A3-12

AN EXTENDED PROJECTION OF COMMERCIAL
OCEAN CARGO TONNAGE FOR YEARS 2000 - 2040

Fiscal Long Tom Fiscal Long Tons
Yer (Million) Year (Million)

2000 355.367 2021 653.075
2001 369.427 2022 665.001
2002 383.669 2023 676.470
2003 398.070 2024 687.450
2004 412609 2025 697.912
2005 427.259 2026 707.824
2006 441.997 2027 717.159
207 456.794 2028 725.890
2006 471.624 2029 733.990
2000 486.456 2030 741.437
2010 501.261 2031 748.206
2011 516.008 2032 754.279
2012 530.666 2033 759.635
2013 545.202 2034 764.259
2014 559.583 2035 768.136
2015 573.775 2036 771.253
2016 587.745 2037 773.600
2017 601.495 2038 775.170
2018 614.883 2039 775.956
2019 627.983 2040 775.956
2020 640.725
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HISTORICAL DATA

(Tables A3-13 tiirough A3-42)
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CURVE ANALYSIS
15 REGIONS - 3 CURVE TYPES

TABLES 43 THROUGH 65

Note: Associated with each cuive analysis is an index figure and a correlation coefficient.
Once a historical relationship has been established between the region's product and cargo
tonnage, the index, which reflects a correlation between the region's product and time, is
used to determine a forecast of product. The correlation coefficient is used to determine a
forecast of cargo tonnage.
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TABLE A365

ASIA (LESS JAPAN)

Curve: 3 Index: .995565 Cord: .881

GNP Forecast Origin Cargo
Fiscal (1967 U.S. Percent Forecast

Year Billion $) Change (000 Long Tons)

1968 $34.6 2653.5

1969 36.2 4.8 2758.8

1970 38.0 4.8 2869.2

1971 39.8 4.8 2984.7
1972 41.7 4.8 3105.8

1973 43.7 4.8 3232.7

1974 45.7 4.8 336V.5

1975 47.9 4.8 3504.7

1976 50.2 4.8 3650.5

1977 52.6 4.8 3803.3

1978 55.1 4.8 3963.3

1979 57.7 4.8 4130.9

1980 60.4 4.8 4306.5

1981 63.3 4.8 4490.4

1982 66.3 4.8 4683.1

1983 69.5 4.8 4885.0

1984 72.8 4.8 5096.5

1985 76.2 4.8 5318.0
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TABLE A3-65 (Cont'd.)

ASIA (LESS JAPAN)

Curve: 3 Index: .995555 Cowl: .881

GNP Forecast Origin Cargo

Fiscal (1967 U.S. Percent Forecast
Year Billion $) Change (000 Long Tom)

1986 $ 79.9 4.8 5550.0
1987 83.7 4.8 57e3.1

1988 87.6 4.8 6047.8
1989 91.8 4.8 6314.5
1990 96.2 4.8 6594.0

1991 '600.7 4.8 6886.7
1992 105.5 4.8 7193.4

1993 110.6 4.8 7514.6

1994 115.8 4.8 7851.1

1995 121.3 4.8 8203.7
1996 127.1 4.8 8573.0

1997 133.1 4.8 8959.8

1998 139.5 4.8 9365.1
1999 146.1 4.8 9789.6

2000 153.1 4.8 10234.4
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TABLE AS6

INDEXES AND EQUATION COEFFICIENTS
FOR REGIONAL PRODUCT VS. TIME

Region Curve Type Index A 8

West Indies 1 .995561 2.975163 .315480
2 .926643 2.773667 .359228
3 .979622 3.385464 .055477

East Coast USA 1 .931883 325.452941 15.343550
2 .792589 313.948521 .193595
3 .960518 342.603778 .032010

Europe 1 .989162 225.116993 17.855521
2 .875949 215.291518 .285921
3 .997958 248.303594 .045838

East Coast Canada 1 .962808 17.512418 1.157172
2 .859973 16.705058 .253069
3 .981640 18.948311 .040611

East Coast Central
America 1 .973394 8.145752 1.006295

2 .858997 8.249667 .355673
3 .996763 9.802556 .057548

East Coast South
America 1 .993088 23.531373 1.861610

2 .881609 22.287505 .289983
3 .992185 25.826647 .046206

Asia Minor -
Middle East 1 .959059 1.839216 .241486

2 .833157 1.912783 .357850
3 .990402 2.260092 .058602

Africa 1 .980297 21.669281 1.293292
2 .844849 20.775662 .233249
3 .996996 23.193547 .038056
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TABLE A3-66

INDEXES AND EQUATION COEFFICIENTS
FOR REGIONAL PRODUCT VS. TIME (Cont'd.)

Region Curve Type Index A B

West Coast USA 1 .968456 46.817647 4.098142
2 .864502 45.476841 .298190
3 .990883 52.699722 .047950

West Coast Canada 1 .939109 5.825490 .437668
2 .806685 5.705498 .263576
3 .969837 6.436578 .043408

West Coast Central 1 .973394 8.145752 1.006295
America 2 .858997 8.249667 .355673

3 .996763 9.802556 .057546

West Coast South 1 .978017 6.367974 .483488
America 2 .861060 6.130538 .274248

3 .995123 7.008477 .044282

Oceania 1 .969782 12.811111 .878947
2 .821438 12.430203 .251489
3 .988992 13.941702 .041447

Japan 1 .938911 3.710608 4.880392
2 .829771 16.120274 .552579
3 .993740 20.790857 .090828

Asia (less Japan) 1 .968921 12.796078 1.065325
2 .848461 12.491271 .285590
3 .995555 14.311547 .046465

Curve Type (1) one is expr"u as Y - A + Ox
Curve Type (2) two a Y - Ax
Curve Type 13) three as Y " A*BX

(The letter *'°" stands for the bae of the natural logarithm, 2.718...)
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Appendix 4

HARBOR AND PORT DEVELOPMENT

Introduction
The increasing volume of production of raw materials to meet the demands of growing

markets and increasing distances of transportation have already brought about great
increases in the unit size of carriers and renovation and extensions of shipbuilding facilities.
The next evolution to be expected is the renovation and modernization of port and harbor
facilities, the construction of offshore facilities, and the deepening of waterways to
accommodate these larger carriers. The economies of scale of the super ships in the
transport of dry bulk and liquid cargoes are such that the provision of terminal facilities for
them near the sources and destinations of such cargoes is inevitable. This trend to deep ports
is already well advanced throughout the world, and the pressures are mounting in the United
States for greater activity in this field.

Transport Cost Implications
The following Figure A4-1 illustrates the startling economies in the unit cost of

transporting petroleum made possible by an increase in vessel scale. A specific example of
trinsport savings made possible by supertankers is the recently initiated movement of bulk
petroleum from the Persian Gulf to Bantry Bay, Ireland, by the way of the Cape of Good
Hope using 326,000 DWT vessels. Although the route is 13,000 miles longer than the Suez
Canal route, the operating cost per barrel of petroleum is estimated to be half the operating
cost of transporting the petroleum through the Suez Canal in 50,000 DWT ships. The
economies of large scale ships are applicable to the dry bulker and freighter classes but to a
lesser scale because of the smaller ships in these classes. For example, Japan is now using
150,000 DWT bulk carriers to transport combined coal and ore cargoes from the United
States and Brazil to Japan via the Cape of Good Hope at a considerable saving. over the cost
of transport of these same commodities in 65,000 DWT ships via the much shorter Panama
Canal route. The savings are estimated to be 30% greater than the cost of Panama Canal
tolls, indicating that economies of scale rather than tolls are the determinant in the choice
of the longer route.

Harbor@ of the World
J'tpan's plans for future tiarbor construction include projects for establishing 4 or 5

central terminal stations for tankers, each one of which apparently would serve a region.
Tankers up to 300,000 DWT are considered. To receive coal and ore for the Japanese steel
industry which is located mostly with direct access to the sea, the country plans to have 27
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special wharves to accommodate carriers of 50,000 DWT and more. Five would be capable of
receiving vessels of 110,000 to 130,000 DWT.

A transshipment station for Europe's Atlantic seaboard is in operation at Bantry Bay,
Ireland. The station receives 326,000 DWT tankers loaded in the Persian Gulf. Existing
facilities in the loading area were updated and reconstructed to accommodate this trade.

Plans have been announced by the Mersey Docks and Harbour Board for the
construction of an artificial island I I miles off the coast of Wales, in Liverpool Bay, which
would consist of an insular breakwater structure upon which a series of massive oil storage
tanks will be linked to the mainland by underwater pipelines. The island unloading facility
could become one of the most important crude oil transshipment stations in Europe,
accommodating mammoth tankers up to 1,000,000 DWT.

In Western Europe, six ports are being enlarged to capture as great a share as possible of
the expanding ir.ternational trade to and from Europe. The ports are Rotterdam and
Amsterdam in the Netherlands, Antwerp in Belgium, and' Marseilles, Le Havre and Dunkirk
in France. All are committed to large dbvelopment projects to accommodate tihe large
tankers and bulk carriers now coming into service and to accommodate container transport.

The port of Dunkirk plans to build an artificial, V-shaped island aboLt eight miles
offshore to the west of thtc French port, in the Strait of Dover, to accommnodate tankers of
500,000 to 750,000 DWT. Thc island terminal would be a principal tanker unloading
facility and transshipment station connected to the mainland by submerged crude oil
pipelines.

One harbor official, ,pressed his views as follows: "This is nothing short of a maritime
marathon. The port wlich 'xpands first will get the business of the future; the ones which
don't do anything will got rc hing. And all the big ones are outto win the gold medal." The
ultimate solution may be o,.- -)f cooperation within the Common Market concept rather
than competition among the ports, with a regional harbor to serve the needs of the area
regardless of national boundaries and local economies.

World Wiaterways
There are certain sea areas thiough which large tankers will be unable to pass.

Considered impassable for ships drawing 66 to 82 feet of water (requiring 82 feet to 100
feet of depth) are the following areas:

a. River Plate Estuary including Montevideo and Buenos Aires.
b. Large areas of the White S&:a, inc.uding Archangel.
c. Baltic Sea.
d. Southern part of the North Sea, including Dogger Bank.
e. Shallow coastal areas around the world, the English Channel, the approaches to the

Black &-a and to New York.

Ship Sizes in Future U.S. O%-'v.n Trade
The growth of trn".c-s. the fastest growing type of all ship types, has been

accommodated by devei,. .ttnt o•" "fshore terminals and new deepwater terminals located
away from traditional an,ý ,3tablishi d ports. By 2000, crude oil tankers ranging from
150,000 to 200,000 DWT a-e expected to be operating in the U.S. Atlantic Coast,
Gulf-Mideast trade, and from Alaska if the Northwest Passage proves navigable. Larger
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TABLE A4-1

CAPACITY OF SOME MAJOR EUROPEAN PORTS

Ship Capacity in DWT

Port Present Ultimate

Trieste (Muggia Bay) 160,000 DWT Dredging for 200,000 DWT
under consideration

Genoa 100,000 DWT in

1968

Naples -- 250,000 PWT

Marseilles 120,000 DWT 200,000 DWT

Bilbao, Spain - 500,000 DWT (potential)

LeHavre 120,000 DWT

Dunkirk 100,000 DWT 125,000 DWT by 1970
250,000 DWT later

Rotterdam (Europort) 200,000 DWT 250,000 DWT in 1969

500,000 DWT ultimate

London 90,000 DWT

Milford Haven 100,000 DWT 175,000 DWT

Liverpool 100,000 DWT Dredging for 150,000 DWT

Southhampton 100,000 DWT

rnmingharn 100,000 DWT

Glasgow 100,000 DWT 200.000 DWT in 1969
500,000 DWT possible

Antwerp 60,000 DWT -

Hamburg 65,000 DWT Plans for 82' depth

Gothenburg 100,000 DWT 230,000 DWT in 1969
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vessels may also be in use, but th.-ir numbers are expected to be few, .ind limited to serving
very specialized ports. In the U.S. Atlantic and Gulf-Caribbean trade, the vessels will
probably range from 80,000 DWT to 150,000 DWT. The Alaska-West Coast trade will
probably use ships of this size in the latter group. These ships will not be intended to enter
most of the established U.S. ports.

Petroleum product carriers are not expected to exceed 80,000 DWT and most will
average 40,000 DWT or less. These vessels will draw 42 to 49 feet fully loaded and can be
operated in and out of some major Atlantic and Gulf and few West Coast petroleum ports.
Because of the number and complexity of poducts carried, the product carriers must
generally reach existing distribution terminals located at historic ports accessible by means
of traditional channels. Alternatives used for crude carriers are not feasible in this trade.

Dry bulk carriers operate over a much greater variety of routes and carry a much greater
variety of cargoes, none of which are available in as great a volume as crude oil. To
maximize operational flexibility under these circumstances, dry bulkers will be built to
smaller sizes than tankers. The industries served by dry bulkers will probably remain close to
traditional harbor areas because the industries are difficult to relocate, and because the new
handling methods, transshipment and distribution solutions available to the oil industry are
not available to the dry bulk consuming industry. For these reasons, dry bulkers will
generally continue to use historic United States harbors. Until deeper ports are provided,
dry bulk carriers will range from 50,000 DWT to 75,000 DWT, with a few specialized ships,
as for iron ore, up to 100,000 DWT.

Oil-bulk-ore (OBO) carriers are more closely allied to the crude oil tanker and could
reach 200,000 to 250,000 DWT. These could enter U.S. harbors only partially loaded.

The recent Ai-ctic oil discoveries on the north slope of Alaska, coupled with the current
Federal investigation of the future need of our present oil import quota system, may
provide future economic incentives to employ tankers :arger than 250,000 DWT on the long
haul crude oil routes from Alaska and the Middle East to U.S. Atlantic and Gulf ports. For
example, current vessel sizes being considered for the Alaskan oil movement are in the
225,000 to 275,000 DWT range. If these prove successful, this could influence operators in
the U.S. Atlantic and Gulf-Mideast trade to also use larger vessel sizes.

Considering the existing physical and economic limitations of dredging U.S. harbors and
channels to greater depths appropriate to accommodate future dry and liquid bulk carriers,
it will be necessary to construct some offshore terminal facilities as a reasonable alternative.
With appropriately designed U.S. offshore petroleum handling systems, tanker operators in
the aforementioned trades will utilize the largest size tankers, in relation to operating costs
and total distance, which will supply the necessary transport requirements of each route in
the most economical manner.

The technique of handling powdered dry bulk materials as a liquid slurry is already in
use on a limited scale in the transport of coal. While this method does not appear likely to
replace dry handling of many types of bulk materials, it offers the distinct possibility that
relatively inexpensive off-shore petroleum terminals can be adapted to handle ore and coal
in slurry form. If this proves feasible, these materials will move in the same sizes of
superships that now carry petroleum.

General cargo vessels will remain closely oriented to traditional harbors, the available
shoreside space, and the existing land tr'.isportation even more than the dry bulkers. These
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factors will restain general cargo vessel sizes. Another restraint is the geater need for
frequent service afforded by smaller ships compared with the lessfrequent sailing of a larger
ship which would provide less expensive service. The largest general cargo vessels in 2000 are
estimated to be 950 feet to 1,000 feet long, 110 to 115 feet in beam and drawing 33 to 35
feet when fully loaded.

insummary, crude oil, oil-bulk ore and certain dry bulk carriers are the types posingserious
problems for existing U.S. harbors. The main problem concerns water depths, and to a lesser
extent, horizontal waterway dimensions. Ships larger than 200,000 to 250,000 DWT class
probably will not appear in U.S. oceanborne trade by 2000, except possibly to serve a very
small number of highiy specialized ports.

Ship Characteristics

The ship characteristic which most frequently excludes large ships from existing harbors
is the vessel draft. The average draft for tankers and dry bulkers up to the projected
maximum sizes are shown on Fig. A4-2. Drafts of individual ships vary from these average
values. Freighttrs are expected to draw 40 feet or less, even at the largest projected size.
Ships often use the full depths available in harbors or channels, occasionally taking
advantage of the high tide to permit entrance where entrance at low tide is not possible.

Harbor and Channel Depths
During the 1940's the T-2 tanker (16,600 DWT) was used as the criterion in

determining that a depth of 35 feet was required at the major United States ports. Tankers
of 35,000 DWT required 40-foot depths and necessitated further enlargement of harbors
and channels. Most of the major United States harbors are less than 42 feet deep at the
present time and only at three port locations cati a vessel in the 100,000 DWT size range be
fully loaded at berth. These are the petroleum berths at Los Angeles and Long Beach and a
grain berth at Seattle.

Required Landside Fa,- I'ties
The tremendous ;,olume of commodity deliveries associated with superships requires, in

addition to deep harbors and channels, a great expansion in supporting facilities such as
mooring facilities, piers, unloading facilities, tank farms, and storage areas. Inland
distribution, or "feeder" transportation network may also require considerable modification
or redevelopment to insure prompt dispatch and timely receipt of the huge commodity
loads.

Problems of Harbor Deepening
Exploitation of the superships requires consideration of the sharply increased costs

directly associateij with the channel and harbor improvement, and indirect costs associated
with such factors as environmental and ecological ch -ges.

Possibly the most significant problem associated with major enlargement of harbors and
chai'nels is the cost of dislocations and major relocations of the extensive developments
which have grown to the water's edge at most of the Nation's harbors. For example, at
Oakland, California, substantial deepening of the haroor would result in very high cost for
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modification of Army and Navy waterfront facilities as well as the densely developed city
waterfront area. Numerous other problem areas can be cited.

Many of the Nation's harbors have man-made channels, but most of them have been
constructed by the removal of silt deposits. In a growing number of cases further deepening
wotid encounter increasingly harder materials which are increasingly expensive to remove.
Another changing condition is determined by the contour of the continental shelf. For
example, deepening the offshore channel for Sabine Pass on the Gulf Coast only four feet
would entail extending the length of the channel by 15 miles.

Disposal of the material excavated from the channels is becoming an increaing problem
as available spoil areas become filled. The alternative of spoiling in deep water involves
considerable added expense.

Anotihcr area of increasing concern is the effects of the harbor and channel construction
and soil disposal on the environmental and ecologicu! aspects of the biologically rich
estuarine areas often involved in the channel and harbor developments.

Table A4-2 summarizes some of the problems associated with harbor deepening in the
United States. The data shcwn in the table have been gathered from available sources
without specialized or detailed studies, and, in many cases, are very preliminary in nature.
No judgment of the feasibility of future harbor improvements is intended. "Problem
depths," as identified in the table, are levels at which a given obstacle may begin to present
serious problems. The difficulties associated with these obstacles can be expected to increase
with depth.

U.S. and Canadian Harbor Development in the Near Future1

Although development of U.S. harbors to accommodate the larger ships that are now
appearing is hindered by many problems, pressures to enlarge harbors and the channels
leading to them or to build new harbors and channels are mounting. The following
paragraphs outline plans for such development in the United States and Canada.

An iron ore loading dock was built at Sept Iles in the Gulf of St. Lawrence to
accommodate 90,000 to 100,000 DWT ships by 1968. It is planned to deepen the facility to
handle 150,000 DWT to 200,000 DWT ore ships ultimately.

Planning is underway for "Canport", a new harbor near St. Johns, New Brunswick,
capable of handling ships up to 300,000 DWT. The venture would cost $40 to $50 million.

Two major U.S. oil companies are considering deep ports for large tankers at
Machiasport, Maine. The size of vessels to be accommodated is expected to be 200,000
DWT or larger.

Plans are underway and construction has been announced for a new deepwater oil port
on Long Island, in Casco Bay, near Portland, Maine. The announced cost including oil
storage facilities and dredging to 85 feet is $140 million. The construction is planned for
completion in 1971. The facility would receive Middle East crude oil, and Alaskan crude oil
if the Northwest Passage is found navigable. The crude oil would be transshipped to
refineries at other locations in smaller tankers. Some of the crude oil could be delivered to
Montreal refineries through an existing pipeline.

Conditions as of September 1969.
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TABLE A4-2

POSSIBLE OBSTACLES TO HARBOR DEEPENING'

Rock and/or
Authorized Major Continental

Harbors Depth2  Relocations3  Dislocations4 Shelf

(Beginning depth of problem - in feet)

ATLANTIC COAST

NEW ENGLAND

Boston Harbor 40 40 50 60
Bridgeport Harbor 35 60
Cape Cod Canal 32 45 40 40
Dorchester Bay and

Neponset River 35 60
Fall River Harbor 30 45 60
Mystic River 35 45 40
New Bedford and

Fairhaven Harbor 30 40 35
New Haven Harbor 35 40
New London Harbor 33 60
Portland Harbor 45 45 60
Portsmouth Harbor and

Piscataqua River 35 50 45 35
Providence River atid

Harbor 40 55
Salem Harbor 32 60
Searsport Harbor 35 60
Weymouth-Fore and

Town Rivers 35 45 50 40

1 The data h•ow n do tWheivet ia been gathered fro" sellsbt smourche without Miecled or detalled studies.
and In many w are very prlliminery In netuti. No judgment of the feusildity of future hirsor Improverments
Is Ilnted. "Problem deptls," es klentifnd In the oble, we Weve at which a given obstacle may begin to pisent
wious problems. The difficulties emaciated with thes obeteclea can be expected to Incresa with depth.

2 Maximum &mth for outer twebor, unless ot•enaa4, noted. Lemw de pt we oftan authorized for Inner harbors.
3 M@Jor rilocations Include relocation or repti.-nent of maow bridos. hoiwhvay and reilvey tunnels, utilities. or

in-hwtor sructures such a brekwaters or Jett
4 Dlslocat.one Include relocation, replacement or lois of port facilities (pier. toeminlst atc.) or industrial. commercial

an ientlel etructure. whidch we ocad adlJcant to existig cha L
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TABLE A4-2

POSSIBLE OBSTACLES TO HARBOR DEEPENING (Cont'd.)

Rock and/or
Authorized Major Continental

Harbors Depth Relocations Dislocations Shelf
(Beginning depth of problem- in feet)

ATLANTIC COAST

NORTH ATLANTIC

Baltimore Harbor 42 60
Buttermilk Channel 40 45
Channel to Newport News 45 55
Delaware River,

Philadelphia to the Sea 40 41
Delaware River,

Philadelphia to Trenton 40 50 41
East River 40 50 40
Hudson River Channel 48 48
Newark Bay, Hackensack

and Passaic Rivers 35 60 35
New York and New Jersey

Channels 35 45 38
New York Harbor 45 60
Norfolk Harbor

45-Ft Section 45 55
40-Ft Section 40 45
35-Ft Section 35 35

Thimble Shoal Channel 45 55
York River Entrance

Channel 376 60

SOUTH ATLANTIC

Brunswick Harbor 30 32
Canaveral Harbor 37 43 37
Fernandina Harbor 32 34 34
Jacksonville Harbor 42 48 42 44
Key West Harbor 301 36 34 34
Miami Harbor 30 36 30 32
Morehead City Harbor 35 60 50 50
Palm Beach Harbor 35 41 35 37

5 Improvement of Newark Bay. Hackoenack and Puasic Rivers is governed by depths in Now York and New Jersey channels.
6 Improved by U.S. Navy to depth of 39 feet In 1962. Cuwrantiy has a controlllng depth of 37 feet.
7 channel deepened to 34 faet by US. Navy.
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TABLE A4-2

POSSIBLE OBSTACLES TO HARBOR DEEPENING (Cont'd.)

Rock and/or
Authorized Major Continental

Harbors Depth Relocations Dislocations Shelf

(Beginning depth of problem- in feet)

ATLANTIC COAST

SOUTH ATLANTIC
(Cont'd.)

Port Everglades Harbor 40 46 40 42
Savannah Harbor 38 44
Wilimington Harbor,

North Carolina 38 60 50 38

GULF COAST

Calcasieu River and Pass 40 40
Charlotte Harbor 32 38 32
Freeport Harbor 38 38
Galveston Harbor 42 52
Gulfport Harbor 30 50
Houston Ship Channel 40 45 50
Mississippi River,

Baton Rouge to Gulf
of Mexico 40 40 40

Mobile Harbor 40 45
Panama City Harbor 34 45
Pascagoula Harbor 38 50 45
Port Aransas Corpus

Christi Waterway 42 50
Sabine-Neches Waterway 42 50 50 47
Tampa Harbor 36 42 36 38
Texas City Channel 40 52

PACI F IC COAST

Columbia River Entrance 48 48
Columbia and Lower

Willamette Rivers 40 45 40 40
Coos Bay

Entrance Channel 40 40 40
Inner Channel 30 30

Grays Harbor 30 45 30
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TABLE A4-2

POSSIBLE OBSTACLES TO HARBOR DEEPENING (Cont'd)

Rock and/or
Authorized Major Continental

Harbors Depth Relocations Dislocations Shelf

(Beginning depth of problem - in feet)
PACIFIC COAST

(Cont'd.)

Humboldt Harbor and
Bay (Inner Channel) 26 30

Los Angeles-Long Beach
Los Angeles 40 45 42
Long Beach 35 50 35

Oakland Harbor
Outer Harbor 35 100 35 300
Inner Harbor 35 35 35 300

Puget Sound Harbors Depths in Puget Sound range up to 900 feet.
(Bellingham, Anacortes.. Improvements normally are associated with short
Everett, Seattle, service channels.
Tacoma, Olympia and
Port Angeles)

Redwood City Harbor 30 100 35 150
Richmond Harbor

West Richmond Chan. 45 200
Long Wharf 45 45 100
Southhampton Shoal 35 100
Inner Harbor 35 85 36
Santa Fe Channel 30 30 36

San Diego Harbor
(Bay Channel) 35 50 40

San Francisco Harbor
Bar Channel 55 300
Islais Creek (Approach) 35 100 200

San Pablo Bay and Mare
Island Straits
Pinole Shoal Chan. 45 150
Oleum Pier 45 45 100
Mare Island Straits 30 50 100

Skipanon Channel 30 35 50
Yaquina Bav

Bar Channel 40 40 40
Interior Channel 30 30
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A consortium of oil companies organized as the Delaware Bay Transportation Company
has under investigation an offshore unloading facility for tankers in lower Delaware Bay. A
pipeline would deliver the oil to existing refineries. Dredging would be required to provide
channels for 200,000 DWT tankers.

A plan for constructing two offshore submarine pipeline unloading facilities, one
located seven miles east of Long Branch, New Jersey, and the other located east of Cape
Henlopen, Delaware, has been proposed recently by First State Pipeline Company who
would hope to build such facilities for accommodating tankers of upwards of 250,000 DWT.

Bethelem Steel announced in 1968 and 1969 that they would expand their works at
Sparrows Point, Maryland, at a cost of $50 million. In connection with this expansion,
channel deepening would be required from the present 42 feet to 50 feet to permit 100,000
DWT to 135,000 DWT ships to deliver ore to the Sparrows Point plant.

Bethelem Steel is also planning to build a shipbuilding dock at Sparrows Point which
would accommodate ships up to 210,000 DWT. Completion is scheduled for 1972. Newport
News Shipbuilding and Drydock Company is planning a facility of similar capacity.

A deepwater port is under consideration at the mouth of the Mississippi River where
deep w-ter is only two miles from the river outlet.

The Committee on Public Works, House of Representatives, requested by resolution
adopted October 19, 1967 that the Board of Engineers for Rivers and Harbors review
reports on San Francisco Bay and all tributary deep ports.

A deepwater port, Roberts Bank, near Vancouver, British Colombia, is under
construction and being readied for a coal contract between Japan and Canada. Accommoda-
tions are being provided for 150,000 DWT vessels.

An offshore tanker loading facility has been constructed at Cook Inlet, Alaska, and
presently handles tankers up to 30,000 DWT when ice is encountered and up to 60,000
DWT during ice-free conditions. The ultimate capacity will be 100,000 DWT vessels.

The U.S. harbor problem is of increasing concern both to Government and Industry.
The American Association of Port Authorities (AAPA) has recently published a forecast in a
report entitled, "Merchant Vessel Size in the United States Offshore Trades by the Year
2000," which highlights the need for planning to accommodate the larger sizes of vessels
which will serve in this country's trade. The projections in this forecast provide a basis for
translation into an assessment of long-range facilities requirements on a regional basis. The
AAPA projections and estimates provide an excellent point of departure for requisite federal
studies to guide future decisions on either federal!y-financed improvement projects or
federal permits for the location of privately financed facilities in waters for which the U.S.
has custodial responsibility.

Relationships of U.S. Harbors to a Sea-Level Canal
The present Panama Canal and its potential successor, the sea-level canal, constitute an

integral part of the oceanborne transportaticn system serving the United States. As such, the
sea-level canal should be capable of serving the ships which will also serve the U.S. ports.
The current stage of study and development of U.S. ports as described in the foregoing can
only indicate the trend in the broadest of terms. Only three U.S. ports can now handle
100,000 DWT vessels, and consideration is being given to serving 200,000 DWT crude oil
carriers at several proposed deepwater facilities. The many constraints to increasing the
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present depths of U.S. harbors are likely to limit the development of deep draft terminal
facilities to a few strategically located regional ports and offshore loading and unloading
facilities, but at least this minimum will be built. On the basis of both U.S. and foreign port
development plans, few ships larger than 250,000 DWT are expected to be in service
anywhere, and few in excess of 200,000 DWT will serve U.S. ports. Therefore, a 250,000
DWT vessel is indicated to be the largest that should be considered in planning a sea-level
canal.
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Appendix 5

STUDY OF SHIP DELAY COST AND RELATED
CANAL LOCATION BENEFITS

Introduction
This Appendix addresses two interrelated considerations. The first pertains to the cost

of delay of a ship and the second concerns the relative benefits of the several canal routes
with respect to voyage mileage, time, and cost.

Delay Cost
The type of delay primarily considered was that encountered at the mouth of a canal

due to congestion. In this situation, fuel is not being burned for propulsion. An analysig of
present day costs was made versus deadweight tonnage with the results being plotted on
Figure AS-1I

Hourly operating costs of vessels vary accordir.g to their sizc, age, type, state of repair,
the flag under which they are operated and the skill of the owners, superintendents, officers
and crew who operate them. The delay costs should be considered as a fixed 'charge
irrespective of the trade in which a vessel is operated. Voyage expenses which vary by reason
of employment, i.e., bunkers consumed at sea, port charges, cargo handling expenses,
agency fees and commissions are not included; however, a cost per hour for bunkers
consumed in port is included in the cost of the delay.

The clculation of the average delay cost for all vessel types is illustrated by Table A5-2.
Average costs per deadweight hour from Figure A5-1 are weighted by Flag (U.S. vs. Foreign)
and again for the percentage of transits by type from Table AS-A tc determine the average
cost per deadweight hour for the "average" vessel transiting the canal in 1970. The delay
cost for the "average" vessel of 14.1 thousand deadwAeight tons is calculated to be $158.60
p.-r hour.

Canal Location Benefits
In order to compare the relative geographical ber.efits of Routes 8, 14, and 25 with

respect to sea lane distances, accurate distances were determined from each Route terminus
to major world ports served by the canal. These are shown on Figure A5-2.

To determine the present relative benefits in terms of ton miles saved by each route, a
judgment sample consisting of more than 90 percent of the total commercial car-,o moviag
through the Panama Canal in 1968 was analyzed. The results are tabulated in Table A5-3. A
negative sign indicates a net saving and a positive sign indicates an additional number of
miles over the existing Panama Canal route (or Route 14).
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Excluding the consideration of time required for delay in waiting for convoy and in the
actual passage through the canal, Table A5-3 shows that Route 8 presently could effect a
yearly savings of 18 billion ton-miles over Route 14 and that Routk 14 could effect a 6
billion ton-mile savings over Route 25.

Translating the foregoing in the instance of 18 billion ton-mile savings Into the average
effect on an average ship of 14,100 DWT for a year's time, the yearly savirgs per ship would
be about 8.2 hours steaming time at the world average speed of 14 knotV. This would be
worth about $1600.

Factors such as waiting time for convoy and greater ship speeds could rend&r the
foregoing relative benefits of small significance.
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REPORT OF THE ENGINEERING STUDY OF ENGINEERING FEASIBILITY,
AGENT TO THE ATLANTIC- INTEROCEANIC CANAL STUDIES . 1970
PACIFIC INTEROCEANIC
CANAL STUDY COMMISSION

DIGEST
The Study of Engineering Feasibility was made pursuant to a request by the

Atlantic-Pacific Interoceanic Canal Study Commission that the Chief of Engineers determine
the engineering feasibility of const ucting a sea-level canal between the Atlantic and Pacific
Oceans and develop preliminary plans and cost estimates for such a canal. (See pp. V- l to V-7.)

A general review was made of basic considerations underlying selection of routes for an
interoceanic canal, including criteria which determine its configuration, means available for
its construction, cost factors involved, and its ecological implications. Six sea-level canal
routes and two lock canal routes studied previously were considered worthy of further
investigation. During the course of the investigation three sea-level routes were found
sufficiently promisin', to warrant detailed study and comparison.

The study's principal findings may be summarized as follows.
Several alternative methods of conventional excavation might be employed. (See
pp. V-53 to V-63.) Nuclear excavation technology is potentially advantageous, but has
not yet reached a state of development which would permit its application if this
project were to be undertaken. (See pp. V-65 to V-81.)

- There are n- insolvable engineering problems involved in the conventional
construction and operation of a sea-level canal across the American Isthmus. (See
pp V-83 to V-90.)

- Despite limited cxpenence in navigating large ships through restricted waters,
conservative channel design criteria can be specified. (See pp V-91 to V-I 12.)

- The Deep Draft Lock Canal Plan for the Panama Canal is clearly preferable to other
lock canal options m Panama and Nicaragua. (See pp V-125 to V-143.)

- The best sea-level cainal alternatives are Routes 10 and 14S. The preferred alinement
is along Route 10, crossing Panama 10 miles southwest of the existing canal. Route
14S, an alinement along the Panama Canal, is also acceptable. Route 10 is preferred
o'ccause its construction would not interfere with, or endanger, Panama Canal
operations; it would permit continued use of the Panama Canal as a supplementary
facility, and would be easier to expand than Route 14S. Route 10 is also preferable
to the Deep Draft Lock Canal Plan. Construction of a sea-level canal along Route 10
would require 14 years at a cost of about $2.9 billion. (See pp V-223 to V-262.)

- If nuclear excavation could be used, Route 25 in Colombia would be the preferred
alternative. (See pp V-263 to V-277.)
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-- The canal's construction shnuld be directed by an autonomous agency authorized
to draw upon the resources of existing Fedeial construction aget.ies. (See pp
V-289 to V-292.)

- The canal should be operated by an agency created specifically for that purpose,
with authorities and responsibitities similar to those of the Panama Canal Company.
(See pp V-292 to V-293.)

- To ensure that the new canal is available when the Panamra Canal reaches its
capacity, detailed design should begin in 1976 and should be preceded by
investigations of those engineering aspects required for determination of an
optimum design. Fields requiring further investigation include subsurface geology,
ecology, nuclear excavation, slcpe stability, and navigation in restricted waterways.
(See pp V-297 to V-302.)

V-xvi



PART I - INTRODUCTION
CHAPTER I

THE STUDY EFFORT

The Study of Engineering Feasibility is one of five annexes to Interoceanic Canal
Studies - 1970, the report of the Atlantic-Pacific Interoceanic Canal Study Commission, I
December 1970. This annex was prepared in support of the Commission's efforts, under the
guidanct. of an interdepartmental and interagency group chaired by the Deputy Director of
Civil Works. Office of the Chief of Engineers, who also served as Engineering Agent for the
Commission. The other annexes, prepared by other study groups, ct-ver related aspects of
foreign policy, national defense, finance, and shipping requirements.

Purpose: Public Law 88-609, 22 September 1964, which established the Atlantic-Pacific
Interoceanic Canal Study Commission, called upon the Commission:

to make a full and complete investigation and study, including necessary
onsite surveys ...... for the purpose of determining the feasibility of, and
the most suitable site for, the construction of a sea-level canal connecting the
Atlantic and Pacific Oceans; the best means of constructing such a canal,
whether by conventional or nuclear excavation, and the estimated cost
thereof.' *

To accomplish these purposes, the Commission, on 17 September 1965, approved the
Plan for Study of Engineering Feasibility2 , which listed as its objectives:

(1) A determination of engineering feasibility of constructing a sea-level
canal connecting the Atlantic and Pacific Oceans, both nuclear and
non-nuclear.
(2) The development of preliminary plans and cost estimates of construction
of a sea-level canal by nuclear methods.
(3) Preliminary plans and cost estimates of conversion of the present canal to
sea level.
(4) Economic analysis of benefits and costs of alternative canals.

$Rrfc to refecnnces fittod on pap V-307.
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The economic analysis was subsequently reassigned. It appears in Annex III, Study of Canal
Finance, and Annex IV, Stuay of Interoceanic and Intercoastal Shipping.

Methodology: The methodology applied to the Study of Engineering Feasibility is
reflected in the general framework of this report. In order, the principal steps in the study
were:

- Review data available om previous investigations.
- Select the routes to be studied.
- Collect necessary data in the field.
- Evaluate data and develop general design criteria.
- Apply these criteria to the routes under study, arriving at conceptual designs and

associated c:nstruction cost estimates.
Evaluate these routes to select the most promising as alter.iatives to be considered
in greater detail.
Analyze and compare these alternatives to determine thle best engineering solution.

Organization of the study effort: By resolut 'on of 16 July 1965, the Commission
requested that the 2ecratary of the Army designate the Chief of Engineers to be its agent for
conducting engineeiing feasibility studies in direct coordination with the Atomic Energy
Commission, the Panama Canal Company, and the Surgeon General, U.S. Army. This
appointment was formalized on 24 %uly 1965, at which time the Secretary of the Army
authorized the Chief of Engineers to redelegate his responsibilities and authorities. Thesw
were passed on 11 October 1965 to the Deputy Director of Civil Works.

With two exceptions, the Engine -ing Agent made the District Engineer, Jacksonville,
responsib!F for data collection in the field and for the conduct of engineering studies.
Excepted activities were those related to nuclear operations and safety, responsibility for
which was assigned to the Atomic Energy Commission; and nuclear excavation design, for
which the U.S. Army Engineer Nuclear Cratering Group, working in coordination with the
Atomic Energy Commission, was made responsible.' On 22 July 1965, the Interoceanic
Canal Studies Field Office, an agency ol the Jacksonville District, was established in the
Canal Zone under a Field Director to verform all functions related to onsite data
collection.' Political agreements were negotiated with Panama and Colombia, creating joint
commissions in both countries to facilitate the Field Director's work. He represented the
United States on those ccmmissions until his office was inactivated on 31 July 1969."

The Canal Studies Coordinating Committee was created to assist the interchange of
information among the various agencies involved in field investigations; it also participated
in evaluating data and preparing reports. lhe District Engineer, Jacksonville, served as its
chairman. Figure 1 shows the organization which conducted the study. Table 1 lists the
major agencies which cooperated to produce its comronent parts.

Supporting these organizations were nurer,:us universities, laboratories, engineering
firms and institutions-both in the United States and overseas-performing tasks and
providing information. Among those providing such support were the Hydrodynamics
Laboratory of the Massachusetts Institute of Technology, the Institute of Ecology of the
University of Georgia, the National Geographic Society, the Institute of Marine Sciences of
the University of Miami, the National Academy of Sciences, the Smithsonian Institution,
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TABLE 1-1

DISTRIBUTION OF THE STUDY EFFORT

Agency Responsibility

U.S. Army Corps of Engineers

Office, Chief of Engineers Management and technical review:
preparation of Annex V

South Atlantic Division Engineering supervision and laboratory
support

Jacksonville District Engineering analysis and estimates;
preparation of Appondixes 1, 2, 4,
5,6, 7, 8,9, 10, 14, 15, and 17.

interoceanic Canal Study Field Office Data collection

Nuclear Cratering Group Nuclear construction engineering;
preparation of Appendixes 11, 12, and
13.

Canal Study Coorditiating Committee Coordination of s.udy effort

Atomic Energy Commission

Division of Peaceful Nuclear Explosives Supervision and review of nuclear studies

Nevada Operations Office Nuclear operations and safety;
preparation of Appendixes 3 and 16.

Principal Contractors:

Lawrence Radiation Laboratory Nuclear cratering technology

Environmental Science Services Conduct of meteorological studies
Administration

Sandia Corporation Acoustic wave characteristics

Battelle Memorial Institute Environmental field studies and analyses

Eýnvironmental Research Corporatiorn Ground motion studies

John A. Blume & Associates Structural response studies

Panama Canal Company General support of the field effort and
application of Panama Canal experience

The Surgeon General, U.S. Army Medico-ecology studies and medical
wupport of the field effort
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the Puerto Rico Nuclear Center, the Stevens Institute of Technology, the U.S. Naval F hip
Research and Development Center, the University of Florida, the University of Michigan,
the U.S. Coast and Geodetic Survey, Oak Ridge National Laboratory, the Ecuadorian
Institute of Anthropology and Geography, and tht Waterways Experiment Station of the
Corps cf Engineers.

Throughout the conduct of this study, the best availab!e professional opinions were
sought and applied. A distinguished board of Technical Associates for Geology, Slope
Stability, and roundations advised and assisted the Commissioners and the Engineering
Agent in their work. In particular, the Technical Associates were concerned with the
stability of materials through which a canal might be excavated. Members of this board
were:

Dr. Arthur Casagrande Professor of Soil Mechanics,
Harvard University

Dr. Frank Nickell Consulting Geologist
Mr. Roger Rhoades Consulting Geologist
Lb. Philip C. Rutledge Mueser, Rutledge, Wentworth

and Johnston, Consulting
Engineers

Mr. Thomas F. Thompson Consulting Geologist

A group of outstanding engint..-,q advised the Engineering Agent on conventional
construction systems which might be employ•,, ;n building a sea-level canal. Members of the
Board of Consultants for Conventional Earthwork i,!ethods were:

Mr. L. Garland Everist PresidenL, Western Contracting
Corporation

Mr. Grant P. Gordon Vice President, Guy F. Atkinson
Company

Mr. J. Donovan Jacobs President, Jacobs Associates
Mr. Lyman D. Wilbur Vice President, Morrison-Knudsen

Company, Inc.

The size of the force working full-time on this study was:

End of fiscal year:

1966 1967 1968 1969 1970
Office personnel 59 90 73 87 43
Field personnel 404 744 261 184 0

TOTAL 463 834 334 271 43

Investigative effort: In some fields accumulation of information to support the Study
of Engineering Feasibility was a relatively easy task; available records could be reviewed. In
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others there were no records; data had to be collected and collated. In a few cases, existing
technology was not adequate to permit analysis of information accumulated; new
understandings of natural phenomena had to be reached.

This annex summarizes, integrates, and records the conclusions drawn from the many
separate investigations that together constitute the Study of Engineering Feasibility.
Detailed reports on the subjects covered in this study are presented in the appendixes.

Ctiteria were developed to specify the characteristics of i useful sea-level canal.
Applying these criteria, alinements and designs were selected for each alternative route, and
their construction costs were estimated. Out of this process came an understanding of the
relationship between the configuration, construction cost, and transiting capacity of each
route.

The collection and analysis of these data involved a considerable investment. The
Commission's expenditures, by general category, were:

Field Data Collection :-31.2%)

Geology, hydrology, topography $5,300,000
Meteorology 2,700,000
Bioenvironmental data 2,100,000
Acoustic waves and seismic effects 300,000
Medico-ecology 300,000
Field construction and support 2,400,000
Management 1,600,000

SUBTOTAL $14,700,000

Data Evaluation (25.0%)

Nuclear excavation $ 500,000
Nuclear operations 2,800,j00
Conventional construction 2,700,000

SUBTOTAL $ 6,000,000

Commission and Engineering
Agent (6.3%) $ 1,500,000

Unexpended and turned back to
U.S. Treasury (7.5%) $ 1,800,000

TOTAL AUTHORIZED PROGRAM $24,000,000

In addition to the funds which were appropriated for the Commission's u .e, expenditures
were made by the Atomic Energy Commission to develop nuclear excavation technology for
this study.

Besides advancing the theories underlying the design, construction, end operati~n of
Iirge canal f3cilities, investigations made in conjunction with this study produced significant
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improvements in technology which are expected to havo broad applications. Despite this
progress, additional data and investigations should oe undertaken before an interoceanic
sea-level canal could be designed and constructed. Regardless of which route is chosen
ultimately, more detailed geological explorations would be necessary. Understanding of
engineering properties of certain weak rocks in deep cuts must be enlarged. Knowledge of
the relationship among ship size, safe ship speed, and channel size must be exranded. The
nature of consequent environmental changes must be determined. Nuclear excavation
technology should be advanced and tested to the prototype level.

As a part of the PLOWSHARE Program, the Atomic Energy Commission included a
series of nuclear cratering experiments designed to suppoic this study. Not all of those
experiments have been conducted; consequently, some objectives of this study have not
been attained, Although enough is known of nuclear excavation theory to permit
preliminary design and cost estinates for those alternatives involving nuclear excavation, the
feasibility of nuclear excavation of an interoceanic sea-level canal has not yet been
demonstrated. Designs and cost estimates of the conventionally-excavateo alternatives
described herein are based on established, proven practice; those involving nuclear
excavation are not. Thus. wvhile the present state of our knowledge permits comparison
among and between -.iuciear alternatives, there is no valid basis for comparing the
conventionally-excavat,.d routes examined in this study with those to be excavated by
nuclear means.
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Aerial view of the centerline road established on Route Water transport was the main method of travel for the
17. Road was impassable to all but tracked vehicles during survey parties. Streams such as this had to be cleared
the rainy seman (8 months of the year). before parties ,ould travel further.

Work camps such as this were ntablihed along the Survey lines wets ciered by native labor.

routes. Camps were supplied by water or by helicopter.

The areas investigated were mostly unexplored jungle. Survey parties were forced to travel mostly by water using native
dugouts and outboard motors.
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PART II - BASIC CONSIDERATIONS

In this part are discussed the basic considerations that governed the selection of routes
for study. Also presented are the general characteristics of the regions in which these routes
are located Criteria are developed for designing a canal capable of meeting projected
requirem, ats. Methods of excavation are described and costs-both quantified and
unquantified-are defined.

CHAPTER 2

PREVIOUS STUDIES

Early efforts: The construction of an interoceanic sea-level canal through the American
Isthmus was considered seriously as early as 1516 when Charles I of Spain* ordered a search
for a strait across the American Isthmus. In the more than 4M centuries since that time,
numerous investigations have been made to determine possible locations and designs for a
canal. The United States has played an active role in this effort since the mid-nineteenth
century. Throughout the 1870's expeditions were sent out by the War and Navy
Departments to explore the American Isthmus from Mexico to Colombia. In 18 72 President
Grant appointed the first United States Interoceanic Canal Commission to evaluate the
Navy's surveys then in progress. In 1876, having assessed the available data, this three-man
commission recommended construction of a lock canal across Nicaragua.!

The first significant attempt to bring an isthmian sea-level canal into being was made by
a French company, la Compagnik Universelle du Canal Interoceanique de Panama, organized
in 1879 by the builder of the Suez Canal, Ferdinand de L ;seps. Under his leadership,
efforts were made to build a sea-level canal across the Isthmus of Paiiama. W!.,a, ; became
apparent that this task was beyond its capabilities, the company turned to the consti iction
of a lock canal, but again was unsuccessfu! and eventually went bankrupt. -. second F "ench
company, la Compagnie Nouvelle du Canal de Panana, formed ou' -j" the asseLo z. ,I e de
Lesseps organization, attempted to carry the work forward, but made little prolress.
Finally, in 1898, the company made overtures towards selling its assets to the United
States.'

By the turn of the century, the United States had taken the lead in bringing this p, oject
to fruition. The Isthmian Canal Commission of 1899-1901 was appointed by Pre, ident

*LAte t.iarles V of the Holy Roman Empire
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McKinley to direct all route investigations with a view toward construction of a canal by the
United States. After sending exploratory expeditions to Nicaragua, Panama, and the Darien
in 1899, this commission found the Nicaraguan and Panamanian routes to bc about equally
advantageous frim an engineering viewpoint.' However, anticipating serious difficulties in
acquiring the French assets and in obtaining access and operating rights in Panama, the
Commission recommended the Nicaraguan route. When the French company reduced its
demands to coincide with the Commission's appraisal of its assets, the Commission reversed
its previous recommendation and informed Congress that, under theqe changed circum-
stances, it favored the Panamanian route.'

In 1902 Congress authorized the President to acquire rights to construct .nd operate a
canal across either Panama or Nicaragua, and, having ecquired such rights, to proceed with
construction. In 1904 President Roosevelt appointed the first of three Isthmik., Canal
Commissions to plan and supervise the canal's construction in Panami.

An International Board of Consulting Engineers, appointed in 1905 to consider
alternatives formulated by the first Commission, recommended a sea-level canal. Although
the Senate Committee on Interoceauic Canals supported the views of the Board, in 1906
Congress enacted legislation adopting the President's position in favor of a high-level lock
canal, hoping thereby to save both time and money. The present lock canal in Panama owes
its existence to that decision.'

The 1929 Surveys: The Panama Canal was opened to traffic on 15 August 1914. Several
years later those responsible for its operation grew concerned that demands for transit
eventually might exceed its capacity. Thus, in 1929, Congress directed that surveys be made
in Panama and Nicaragua7 to determine the practicability of providing additional locks to
the Panama Canal or of constructing a canal elsewhere.* The U.S. Army Interoceanic Canal
Board of 1929-1931 was created b-y the President. The Board's report, submitted in 1931,8
considered three long-term alternatives:

- Add a third set of locks to the Panama Canal;
- Convert the Panama Canal to a sea-level canal; or
- Construct a new lock canal in Nicaragua.
Anticipating increases in the capacity of the Panama Canal made possible by

construction of Madden Dam,t the report concluded that:

The present traffic seeking transit through the Isthmus and the prospective
increase in such traffic in the next few years do not require that any steps be
taken now to provide lurther capacity at Panama.

The Third Locks Plan: In 1936 a joint resolution of Congress, directed the Governor of
The Panama Canal to investigate means of increasing capacity of the "Panama Canal for
future needs of interoceanic shipping and for o.h'-r purpeses." The Governor's reportt°

*Lieutenant Colonel Daniel i. Sultan was in charge of a sumrvey of lock canal routes cond'cted in Nicaragua by a provisional
US. Army Engineer Battalion.

-' The construction (,f Madden Dam in Panama had been authorized by Public Law 181, 70th Congress; however, at the
t'.ne that the Board made its report, it was not yet in operation.
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recommended a third lane of locks* and in August 1939, Congrejs authorized its
construction. This measure was taken to improve the defensive posture of the Panama Canal
and to imzreaie its capacity. Excavation for the third locks at Gatun and Miraflores and
design of structures and appurtenances were almost complete when the project was
suspended in 1942 because of higher priority demands imposed by World War II. This work
was not resumed when the war ended.

The 1947 report: In December 1945,11 Congress again directed the Governor of The
Panama Canal to make new investigations to determine the best means for increasing the
canal's capacity and for iraptoving its security, and to consider other possible routes.t This
comprehensive effort, reported in Isthmian Canal Studies-] 947,' identified 30 possible
routes in five geograpfi,.al areas ranging from the Isthmus of Tehuantepec, in Mexico, to
northwestern Colombia. It went on to select the best route in each area for further
consideration; and to compare these routes with one another.

!n his report, the Governor concluded that a sea-level canal was both desirable and
feasible, and that the best and most economical means for its development lay in converting
the Panama Canal (called Route 15) to sea level. This conversion would be made by
deepening and straightening the e;: £sting canal along a new alinement called Route 14.

Another investigation, conducted concurrently with the 1947 studies, sought to
determine the effect-, of nuclear attacks upon lock and sea-level canals. Since principles of
nuclear excavation were not clearly defined at that time, the possibility of using nuclear
energy to excavate a new canal was not considered.

The Board of Consultants' rep ,rt: Ten years later (1957) the House Committee on
Merchant Marine and Fisheries appointed a Board of Consultants on Isthmian Canal Studies
to investigate both short- and long-range plans for improving the Panama Canal. In 1958 the
Board submittP. its short-range program to increase the existing canal's capacity; " and, in
1960, it made additional recommendations providing for a long-range program of
improvements."3 Although stating that "no sea-level canal project in the Caial Zone should
be undertaken in the near future," the consultants called for further studies and
developmental efforts, particularly in the field of nuclear excavation, and recommended a
review of the entire situation by 1970.

The 1960 report: In 1957 the Board of Directors of the Panama Canal Company
appointed the Ad Hoc Committee for Isthmian Canal Plans to revise the 1947 report, taking
full advantage of developments in construction techniques, and to adjust previous cost
estimates to 1960 price levels. The Atomic Energy Commission participated in this study,
identifying routes that might be suitable for nuclear excavation which, by then, had begun
to emerge as a new technology. The Committee's recommendations did not address the

* Considered during the orSigial deesin of the Panama Canal, this plon was proposed formally by Colonel Harry Burgess,
Governor of The Panama Canal from 1921 to 1932. It was first prtsanted in the report of the U.S. Army Interoceanic
Canal Board of 1929-1931. As revised in 1940, it called for L-ks 140 feet wide, 1,200 feet long and 45 feet deep,
separated from and adjacent to each of the ex stig locks. EstlmaAd cost of thO project was $277 mllion.'O

ton May 6, 1946 the Specdal Engneeuing Dh .on, Panama Canal Company, was made reponsible for the studies and
Colonel James H. Slratton was desnatew Supervising Engiee.
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construction of lock canals because, in its opinion, their operating costs would eventually
escalate beyond available revenues."4 Among the more significant recommendations
developed by this study were those calling for:

- Completion, as an interim measure, of the Board of Directors' canal improvement
p: gram, calling for expenditures of $90 million through 1968 to increase the
capacity of the lock canal;

- Initiation by the Company of planning for the construction of a sea-level canal
outside the Canal Zone by nuclear methods;

- Improvement by the Atomic Energy Commission of nuclear explosives; and,
- Planning by the Company ior construction of a sea- level canal in the Canal Zone by

conventional methods if definite plans for constructing a sea-level canal by nuclear
methods were not developed by the early 1970's.

The 1964 report: The report entitled Isthmian Canal Studies, 1964, was prepared by
the President of the Panama Canal Company, pursuant to authorization in 1963 by the
Company's Board of Directors. The Corps of Engineers, the Atomic Energy Commission and
private consultants participated in its preparation. 1 The report summarized studies of canal
capacity, canal traffic projections, and ways of improving the lock canal facilities to meet
projected requirements of ocean commerce. The report contained a detailed analysis of a
Third Locks Plan,* a Terminal Lakes Plant and a sea-level canal in the Canal Zone.J The
report also examined the present canal's transiting capacity, and concluded that a maximum
of 71 ships (65 lockages) per day (about 26,000 per year) could be accommodated,
assuming no maintenance shutdowns, and f'urther assuming that -ither lockage water could
be reused or sea water could be pumped into Gatun and Miraflores Lakes to augment the
lockage water supply. The report also evaluated the technical feasibility of employing
nuclear explosives to construct sea-level canals in eastern Panama and northwestern
Colombia.

TP !se and other 4ignificant studies and investigations are summarized in Table 2-1.

*Undcr this version of the Thrd Locks Plan, the proposed locks would be 140 feet wide, 1,200 feet long and 50 xeet
deep, located adlacent to the existing locks.

tThis plan had been proposed in 1943 by Capt. Miles P. DuVal, USN, then Captain of the Port at Balboa. Canal Zone, as a
modification of the Tird Lo~ns Plan. it called for consolidatifng the Packlic Locks at Miraflores and raising Miraflores
Lake to the Gatun Lake level. A new single lane of locks 200 feet by 1.500 feet by 50 feet would be added parallel to
both Gatun and Miraflores LocLs. The channel alinement was to be improved and the channel itself enlarged to 500 feet. 5

IThe n-elevel canal was to follow generally the a•lnement of the present lock canal. Its cross section was to be 600 feet
by 60 feet.
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TABLE 2-1

SUMMdARY OF SIGNIFICANT PREVIOUS ISTHMIAN CANAL INVESTIGATIONS

Title
Data (Principel Member) Purpose Authority Results

1872-1876 Interoceenic Canal To evaluate results of Appointed by Recommended construction of
Commission (Brig Navy surveys conducted the President, a lock canal across Nicaragua. 16

Gen A.A. Humphries) between 1870 and 1875. 15 March 1872.

1878-1879 Societi Civil@ Inter- To make surveys and Privete company Explored the Panama, Son Bias,
national@ du Canal investigations for.a with interna- Darien and Atrato regions;
Interoosanique ship canal in Panama. tional character. obtained a long-term construction
(Lt. L.N.B. Wyse) concession from Coluntia.

1878-1989 Compegnle Univer- To plan and coi struct Private company. Exaevated an estimated
sell. du Canal a rn-leel canal In 67A000,000 cubic yards of
Interoseanique Kla Panama. material, made valuable surveys
de Lemsep) end maps; produced extensive

meteorological records.

1804-1':98 Compegnie Nou- To constrtur- a lock Private company. Excavated an estimated 11,000,000
val.e du Canal canal in Pa i.cubic yards of material. contifted
do Panama surveys arw maintenance of

meteorological records.

1899-1901 Isthmian Coa'il To investigate all Act of March Recommended N icaragua as the
Commnission for practical routes for 1899,.10 Stat. most feasible location forea canal;
Exploration canal across the isthmus 1121. then In January 1902, reversed its
1899-1901 IRAdm of Panama, particularly decision to favor Panama after
J.G. Walker) the Nicaraguan and leer hing the Freoch company had

Panamanian routes. with reduced the asking price of its
a view to construction by rights"an equipment from
the United States. $109,00011OC to 340,000,00.

1904-1905 lsthmian Canal To supervise construc- Act of 28 .,ns, Started procurement of
Commission (RAdm tlon of the canal. 1902, 32 Stat. materials and supplies;
J.G. Walker) 481;' improved living conditions

In the Canal Zone.

1905-1907 Board of Consulting To consider and recoin- Appointed by Majority supported see-law'l
Engineers (Ma) Gen mend the type of canal, the President. canal; both majority anc
G.W. Davis) minority reports submittrd

to the President.

1905-1914 Irslhmlan Canal To supervise construc- Act of 28 June, Planned, designed iir4
Commission tion of the canal. 1902, 32 Stat. constructed the Prirma Canal.
(T.P. Shonts: 1905- 481. (Excavation amnounted to
1907; J.F. Stevens! 210.000.000 cubic yards.)
1907; Col G.W.
Goethmis: 1907-
1q14)
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TABLE 2-1

SUMMARVaOF SIGNIFICANT PRCVIOU3 IffTHMIAN CANAL INVESTIGATIONS Waont'*)

Title
Date (Principal Mor~4ir) Purpose Authority Asi-Its

1929-1931 U.S. Army lnt:;r- To determine the practica- Act of 2 March Recommrended that: (1) Madden
ocear~i Canal kioard bility of providing addi- 1929,45 Stat. Damn be constructed; (2) consld-
of 1929-1931 tional locks and other 1539. station ofte canal sanrs Nicaragua

~Lt Gen E. Jfdwin: facilities at the Panwnmu be continu~ed; and (3) no
1929-1931; 'ol E. Canal and the practicability Immediate stop be taken to
Graves: 193i1) of constructing.a ship providle more facilities to Increase

canal elsewhere on the traff ic capacity.
Amnerican Isthmus.

1936-1939 Third Locks To study means of In- Act of 1 May Recommended construction of a
Project Study creasing the capacity of th@1936, 49 Stat, third sat of locks, excava-
(Govenor of The Panama Canal, and to 1258. tlon for which began In 1940 and
Panama Canal) propose designs and wee suspended in 1942.

cost estimates of facllinmas
needed.

1945-1947 lsthmian Canal To investigate the means Act of 28 Recommended that the Panama
Studies- 1941/ of increasing the capec- Decomber' 1945, Canal be converted toa - level
(Governor of The ity and security of the 59 Stat. fj63. canal.
Pearnam Canal) Panama Canal to meet

future needs of inter-I ~oceanic COMMOrce.
1949 Special Canal To check reliabilI ty of Fsecretary of Confirmed the vollclty of con-

Study - Atrato- awnvys of the Atrati,- the Army. clusions of 1947 lsthmian Canal
Truando route Truando canal route. Studies regarding the Atrato-

(Governor of The Truando route, i~e., that con-
Panama Canal) version of the Panama Canal to

asee-level could be accomplished

1957-19'90 Ad Hoc Committee To determinve adeaquacy -if tlirected by the Recommended: (1) completion of
for lan-mian Canal the Panama Conai to meet Board of D'rec- a major improvement piogaom
Plans (President of need. of commwer to tors of the -'ailing for expenditures of up to
the Panama Canal 1999. and to recommnend Panama Cinal 4190.000.00; (2) initiation of
Company) plans for improvement Company. planning for construction of amse-

if required, level canal outside of the Canal
Zone by nuclear methods; (3)
development by the AE~C of the
capacity to construct a nuclear
canal; end, (4) planning to con-
struct a sea-level canal in the
Canal Zone if plans are not made
to construct a see-level canal by
nuclear methods by the early
1970's.
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TABLE 2-1

SUMMARY OF SIGNIFICANT PREVIOUS ISTHMIAN CANAL INVESTIGATIONS (Cant'd)

Title
Dat (Prinelpu Member) FPuNos Authority Reoulto

1057-1900 Board of Consuit- To Investigate short- Appointed by Recommended: (1) continued
wits, Isthmian and longrang plans the Committee studies of now methods of con-
Caro.l Studies for the operation, on Merchant ventlonul construction; (2)
(S.C. Hollister) lmiovemnent, and Marine and further development of nuclear

other metters re- Fisherlee, Nouse ecevetioni; (3) no ta-le"e
Iating to the adequacy of Reproesente cenel construction "in the nleer
of the Panaw Canal. tive (House future"; and, (4) another review

Resolution of the situation by 1070.
147,27
February 1957).

194~12.965 Technical Steer- To estblish guide- Secretary of Prepered Plan for Study used for
Ing Committee (Col lines of future the Army. the 198541970 study. Updated
M. Hlarrlson: 1962- studsa. 1947 cost estimates, and prepared
19614; Lt. Cal W.J. nuclear excavation report for the
Slazak: 1964-1965) 1964 studies.1

1963-1964 lsthmien Canal To update traffic pro- Directed by the Updated previous studies for a ma-
Studies, 1964 jections and plans to Board of Dirac- level canal, particularly one to be
(President of meet them and to sum- tore of the Pon- constructed by nuclear meons,
the Poarnam Canal moinni information onea ama Canal and presented detailed analyses of
Company) asee-level carol const- Company plans to Improve the existing lock

ructed by nuclear canal, including a third locks
methods. plan.

1967-1969 Improvement To dervelop and test Directed by the Deveiopment of a plan which
Program for the improvement plans to Board of Direc- could Increase yearly traff ic to
Panams Canal - Incrase capacity of tors of the Pan- 26,800 transits.1

1969 (A.T. Kearney the present canal. ame Canal
and Co.) Compeny.
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Army LCM unloadlr4g supplies at the Curiche Beach Base Road cut through the Jungle from the bass camp on
Camp on Route 25, Colombia. Smaller veus~se of this type Saskatupu Island, to the weather station established on a
were used to distribute supplies on the rivers along Route nearby mountain.
17.

Aerial view of Curiche Beach Dans Camp. Note LCM Aerial view of the Alto4Culche weather station estab-
unloading SUPPlieL Tac beach was also used as an airstrip lished on a Jun&l hill top on the Pacific side of Route 25.
for fixed wing aircraft

Since areas under study were very isolated, base camps had to be established at each and of the routes. All supplies were
brought in from the Canal Zone.
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CHAPTER 3

SELECTION OF ROUTES

The Commission's early efforts were directed to selecting a relatively small number of
potential routes for detailed investigation. In the interest of economy and to accomplish its
work in a reasonable period of time, the number of routes investigated in detail had to be
held to a minimum; yet, no potentially feasible route could be overlooked.

Consideration of routes: At the Commission's first meeting in May 1965, the Secretary
of the Army and representatives of the Office of the Chief of Engineers rresented
recommendations on the preliminury Plan for Study of Engineering Feasibility,2 the
organization required for its accomplishment, and the routes to be studied. These
recommendations had been prepared by the Technical Steering Committee* organized in
October 1962 by the Under Secretary of the Army in response to a Presidential directive
that prelimin.ry planning begin for the comprehensive investigation of alternatives to the
existing lock canal. This Committee was responsible for developing plans and cost estimates
for onsite surveys and engineering studies of sea-level canal routes. It coordinated the
participation of the Panama Canal Company, the Corps of Engineers, and the Atomic
Energy Commission in the preparation of Annex IlIt to the 1964 study. That annex
identified Routes 17 and 25 as being the most promisir.g for nuclear excavation. The
Technical Steering Committee began its work by reviewing recommendations included in
the Isthmian Canal Studies - 1947, in the i960 reports of the Board of Directors of the
Panama Canal Company, and of the Board of Consultants on Isthmian Canal Studies. Then,
between November 1962 and June 1964, the Committee developed a detailed plan for
onsite surveys, data evaluation, and engineering analysis of the routes recommended for
further study by the 1947 and 1960 reports.2 These routes were selected from among the
thirty presented in the 1947 report, shown on the accompanying map (Figure 3-1) and
listed in Table 3-1.

Actions by the Commission: The Plan for Study was presented to the Commission on
17 September 1965. As subsequently approved, the plan contemplated investigation of the
following alternatives:

- Route 14-The present lock canal alinement in the Canal Zone converted to a

sea-level canal by conventional excavation methods and straightened to eliminate
turns greater than 35 degrees.

*Membsnhip of the Committee Induded uepresentative of the Corps of Engineers, Atomic Energy Commisaion, and
Panama Canal Company.

Wontsnuctlon of . Ilshmitn SeeLewi Cowl by Nucke. Methods - 1964.
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TABLE 3-1

CANAL ROUTES CONSIDERED
UY THE TECHNICAL STEERING COMMITTEE*

MEXICO 1 Tehuantepec

VIA 2 San Juan del Norte-Fonseca Bay
LAKE 3 San Juan del Norte-Realejo

VIA LMANAGUA 4 San Juan del Norte-Tamarindo
LAKE 5 San Juan del Norte- -Brito

NICARAGUA NICARAGUA 6 San Juan del Norte-San Juan del Sur
AND COSTA 7 San Juan del Norte-Salinas Bay
RICA 8 San Juan del Norte-Salinas Bay

9 Chiriqui
10 Chorrera-Lagarto

ALTERNATIVE 11 Chorrera-Limon Bay
PANAMA SEA-LEVEL 12 Chorrera-Gatun

ROUTES 13 Panama Parallel
CANAL ZONE 14 Panama Sea-Level Conversion
AND VICINITY 15 Panama Canal

16 San Bias
CALEDONIA 17 Sasarda-Morti
BAY ROUTES 18 Aglaseniqua-Asnati

19 Caledonia-Surcurti

20 Tupisa-Tiati-Acanti
PANAMA TUI RA 21 Arquia-Paya-Tuira
AND RIVER 22 Tanela-Pucro-TLora
COLOMBIA ROUTES 23 Atrato-Cacarica- ruII,'.

24 Atrato-Peranchita-Tuira

25 Atrato-Truando
ATRATO 26 Atrato-Napipi

COLOMBIA RIVER 27 Atrato-Napipi-Doguado
ROUTES 28 Atrato-Bojaya

29 Atrato-Baudo
30 Atrato-San Juan

"Route numbering based on the 1947 Study.
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- Route 17-A sea-level canal through the Darien Province of eastern Panam.a to be
constructed primarily by nuclear excavation methods.

- Route 25-A sea-level canal tlrough northwestern Colombia to be constructed by a
combination of nuclear and conventional excavation methods.

- Route 8-A sea-level canal along the Nicaragua-Costa iica border to be constructed
primarily by nuclear excavation methods.*

Initially, funds were sought and approved for field surveys of Routes 17 and 25 only.$
Data available from previous studies were considered adequate for evaluation of Routes 8
and 14. In 1966 the Commission directed the Engineering Agent to review and update
previous cost estimates for improving the existing lock canal (Route 15) and for
constructing a new lock canal in Nicaragua (Route 5). These estimates were to provide a
base against which the several sea-level canal options could be measured in terms of their
capacities and their costs of construction, operation, and maintenance.

The Commission's preliminary evaluation indicated that a sea-level canal in the vicinity
of the existing lock canal, which would not interfere with its operation, might be preferable
to Route 14. Consequently, in June 1966, Route 10 was added to the conventionally
excavated alternatives and Congress subsequently provided additional funds for its
investigation.

In 1969 the Government of Colombia suggested that the United States, Colombia, and
Panama investigate Route 23 jointly. The Commission advised Colombian representatives
that, although it no longer had the capability to conduct detailed investigations in the field,
an analysis of this route, based on available data, would be included in the present report.

Thus, the Commission identified eight potentially feasible routes requiting investigation
and evaluat'n. They are listed below and shown ;:. .4i'u,'i 3-2.

Route Type of =nW/
numb. Roum nme Couy eemtlon menwod

5 San Juan del Norte- Niciagua and Lodc/conventional
Brito Costs Rice

8 San Juan del Note- Nicaragua and Se-level/conventional or
Seilin Bay Costa Rica nclhr

10 Chowrera-L.ap4-to Panama and See-level/conventional
Canal Zone

14 Pam Se-lwel Canal Zone See-level/conventlonal
Convemdon

15 Panwna Canal Canal Zone odhck/com-ntlonal

17 Saardi-Morti Pnama Se-leve/onventional -
nuclear combination

23 Atrato-Cerkca- Panama and Se-level/convuitlonal or
Tuira Colombia olevel/conwentionol -

N, wJd combintion

26 Atrato-Truando Colombia See-vel/conventional -
nuclear combination

Th Pim for S.'udy recommended only a eonceptua stdy of Route B. to dfenatie wetde additional lnnesption of
this altentative was warranted.

V-20



-C CD

P-J

FIGUE 3- v-2



Since Routes 8*, 14,t and 23 each have two options, I1 basic alternatives were
considered in the Study of Engineering Feasibility. These alternatives included two lock
canals and nine sea-level canals, four of which would involve nuclear excavation. The
priicipal considerations in their selection are shown in Table 3-2.

*Route 8 Conventional, which follows an angular couren to take advantage of low elevations, and Route 8 Nuclear, which
is fairly direct.

tReferred to in this study as Route 14 Combined. which cuts through the Continental Divide generally coincident with the
present canal; and Route 14 Separate, which cuts throu8i the divide approximately I mile southwest of the present car.."I
to r-inimize the effects of unstable dswe conditions on traffic during constnwtion.
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TABLE 3-2

INITIAL SCREENING OF PREVIOUSLY IDENdTIFIED
INTEROCEANIC SEA-LEVEL CANAL ROUTES

Resons for 8elastion/Raejeetion for Further Study

Length 'lvide, Scia-Level Cenal
Routs (Sutirsq 'kI,"lg Conventional Sem-Level Cenul

Number Routs Name Country Nh.)l (Feet Excavation Nuclear Excavation

I Tehuantepec: Msxktio 1.16 812 M~exico not receptive; Maxico not receptive; arses
excessive excavation moderately populated.
(estimated 6 billion
cubic yardsla.

2 Sen Juan del Nicarague 300 250 Longer then Router 8; Longer *han Route 8; requires
Norte-Fonsec Say and Costa requires draining of draining of Lake Nicaragua.

Rice Lake Nicaragua.

3 Son Juan del Nicaragua 280 500 Longer than RouteS;, Longer than Route 8: rwquires
None. Ralejo and Consa requires draining of draining of Lake Nicaragua.

Rice Lake Nicaragua.

4 Son Juan del Nicaragua 260 200 Lon3er than RouteS8; Longer then Route 8; requires
None-Tamanrindo and Costa requires draining of draining of Lake Nicaragua.

Rice Lake Nicaragua.

5 Son Juan del Nicaragua 17 -1b 153 Requires draining of Requires d Aning of Lake
Norte-Drito and Costs Lake Niosrj,ký'ua. Nicaragua.

Rica Soelted " aiock
canal fcr comparative
purposes.

6 San Juan del Nicaragua 182 &Z Req uir., dira'ring of Riequires draining of Lake
Norte-Sen Juan and Costa Lake Nicaragua. N icaragum.
del Sur Rico

7 Sen Juan del Nicaragua 157 780 Requires draining of Requires draining of Lake
Norts-Selinas and Costa Lake Nicaragua. Nicaragua.
Say (via Lak.~ Rica
Nicaragua)

8 San Juan do' Nicaragua I 76b 7a6b Seleted for further Selected for further study as the
Nortic-Selinas and Costa 140c 1f)O)(C study as the most favor-most favoriable in the Nicsragua-
say Rica able in the Nicaragua- Costs Riceware.

Costa Rica area.

9 Chiriqui Panama 55 5000 Excessive excavation, Excessive divide height.
(esimated 69 billion
cubic vajrds).

a1047 velues. ercejx wliers noted; length includes oamn approecdes.
b Vs. from 1910O studies.

Cuerroute.
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TABLE 3-2

INITIAL SCREENING OF PREVIOUSLY IDENTIFIED
INTEROCKANIC SUA-LEVIII CANAL ROUTES ICoetd)

Remasn. for Solellon/Rejeetion for Furthe Study

LqI Divide See-Level Canal
Roml Seue Exmeionj Convoolona SseeLaovel Conal

NJumber Route Nane County W160 (Peelle exmet6a Nudear Excavaton

10 Chwrar*-La~srto Panrome EP 43 0b Selete for further Too clms to population centers.
study as comperable
in cost to Route 14.

11 Choiw er-Limnon Peunme 52 430 Wore expensive then Too cloo to populetion centers.
Bay Route 10 by .0.A

billions

Chorrvra-atun Panama 50 430 Less fevoraible thani Too cdose to population centers.

13 Panama Paraliel Panerne 50 40 Mcmoexlni Toocloese to papulailon centers.
then Route 14.

14 Panar Se-oe Paam 54b 39b WelcWe for further Too cdose to population centers.
Conversion study.as least costly

route.

15 Pananu Canal Panama 61b Existing Selete at lock canl Too dose to population centers.
(Lock cenal only) channel for comparatiVe

.urposee.

16 Son iSW Penan. 40 1100 Twice as much exceve- Too doec to population centers.
tion as for Route 14

because of high divide.

17 Sainardi-Morti Pantama 77b 10004 About twice asnk~ mud cW ~ for further studv as most

excevation as Rcuts favorable nuclear route in Penema.
14.

18 Aglesenique- Panmafi 63+ 1100 More excavation and Poor er alinement then .Houtel.17
Asnati poorer alinement

than Route 17.

19 Catedonia- Pearams 63+ 720 More excavation Poower elinement then Route 11.
Surcurti and poorer alinenient

than Route 17.

a19 47 velues, except: el#-ers noted; length includes omen approeches.
b Vaues frm 1970 studies.
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TABLE 3-2

INITIAL SCREENING OF PREVIOUSLY IDENTIFIED
INTEROCIIANIC UEA-LEVEL CANAL ROUTES (Contd)

Remuews fewr bluetlo/lk 4actlor, for Further Stud*

Lengt Divide SeeLeve Canal,
Rou"e (tatmy Blvewl Conventional ISe Level Camel

Number Rout Non. Country MN"em IFet Exaeevtion Nuo~ee; Exeevetion

20 TupiseTiati- Poneam and 96 1200 Almost three times Longer themn Route 17.
Acentl Colombia the "'?sv'tlon re-

21 Arqula-Psye- Pwnem end 136 1500 Exoose've txcevtlo. Length and divide elevutior,
Tuire Colombia bemuse of length excessive.

end hIig divide.

22 Tmnela-Pucro- Pmnama and 130 1500 Excessive excavetlon Length end divide elevation
TuIrs Colombia bemeuse of length end excessive.

high divide.

23 Atrato-Cecarlc- Panenie and 146b 450P Sealocted for limited Selected for limited study at
Tuire Colombia study at the request the request of Cob o4ble

of Colombia.

24 Atrato.Peranchits Pname and 133 967 About twit.k the ex- Lee attractive then Route 17
Tuirs Colombia cevetlon required on bemause of length end cost.

Route 14; poor
allnement.8

25 Atrato-Truendo, Colombia 1P 92b About twiw as much Selcte as the most favor"bl
excavetion as Route Atret River route.
14.

26 A~rat-Npip Colombia 137 595 About twice a much Lass avorable than Route 26.
excavation as Route

27 Atrato-Nepipi- Colombia 140 778 Greeter excavation Less feworvile than Route 25.
Doguado, then Route 26.

281 Atratoo-Uolsya Colombia 153 778 Greeter excevation Les favorable than Route 25.
than Route 27.

29 Atreawleudo Coloombia 261 1000 Greeter excevation Less favorable ftha Route 25.
than Route 2L.

30 Atreto-Sen Juan Colombia 344 3179 Greeter excavation Less faviorabe then Route 25.
than Route 29.

01947 veluese, except Mwher noted. letith Includes ocean approeches.
bValue from 1970 studies.
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Radar equipment for the meteorology prolgm, shown A subsurface drilling rig in the jungle on Route 25. Drill
here &top Pidiaque Hill in Panama, was shipped in from sites were hacked out of the jungle anSI their equipment
the United States. Supplies for the station's operation brought in by helicopter. Supplies were flown in and the
were delivered by helicopter. core samples were flown out.

Generators such as this supplied the power necessary for The U.S. Air Force provided helicopter support when
the radar stations. All fuel and supplies came through the possible. Helicopter is preparing to deliver a load of
Canal Zone. equipment to a jungle drilling site.

T'he Jungle areas investigated imposed unusual problems of transportation and supply.
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CHAPTER 4

CHARACTERISTICS OF THE REGIONS UNDER STUDY

The canal routes evaluated in this study traverse foar regions, each of which has
distinctive physical characteristics:

-- Nicaragua-Costa Rica Border (Routes 5 and 8).
- Panamanian Isthmus (Routes 10, 14 and 15).
- Darien Isthmus (Routes 17 and 23).
- Atrato-Truando (Routes 23 and 25).

The Nicaragua-Costa Rica border region (Routes 5 and 8): The dominant terrain
feature of this area is Lake Nicaragua, whose surface elevation is approximately i05 ieet
above sea level. It is about 100 miles long, and nearly 45 miles across at its widest point; its
maximum depth is over 200 feet. Lake Nicaragua is fed by the Tipitapa River, the outlet of
Lake Managua, and drained by the San Juan River which discharges into the Atlantic Ocean,
some 80 miles away. The distance between the Atlantic and Pacific Oceans depends upon
the route, varying from approximately 125 to 170 miles.

The Continental Divide between Lake Nicaragua and the Pacific Ocean is a low, narrow
ridge with a minimum elevation of about 150 feet, the divide's lowest point in Central

America. East of Lake Nicaragua other ridges separate the lake's drainage basin from the
Caribbean. This so-called East Divide, which is generally higher than 400 feet, is broken by
the San Juan River which passes through it below elevation 100 feet.

Both the eastern and western ridges consist mainly of extrusive igneous rocks with some
sedimentary bedrock, underlying a thin layer of overburden. The delta of the San Juan
River is composed of alluvial deposits reaching depths of 100 to 200 feet or more. The
region contains a number of active voicanoes. Upland soils are predominantly lateiitic.
Vegetation includes both evergreen and deciduous trees, and is classified as tropical moist
forest.

The climate of the Nicaragua-Costa Rica region is tropical. Temperatures seldom exceed
95°F or fall below 70°F. P.ainfall averages about 250 inches a year on the Atlantic coast,
decreasing to about 60 inches on the Pacific. There is a dry season from November to May
on the Pacific side; on the east coast seasonal changes are less distinct. East of the lake
humidity remains high throughout the year; to the west it falls off considerably during the
dry season. Prevailing surface winds are 10 to 15 miles per hour from the northeast. Pacific
tides are semidiurnai with an average range of 6.2 feet and a maximum of 9.7 feet. Tides on
the Atlantic coast are hregular, ha'ing an average range of 0.7 feet and a m.,Ximum of 2.6
feet.
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The Caribbean coast, looking
north, at the site of the Atlantic
terminus of Route 8. The town of
San Juan del Norte is at the right
of the picture.

The confluence of the San Carlos
(left) and San Juan (right) Rivers.

T7he Pacific shoreine, looking
north, in the vicinity o( Route S.

THE NICARAGUA-COSTA RICA BORDER AMi

FIGURE 4-2
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The southe~stem shore of Lake Nicaragua at the headwaters of the San Juan River.

The cloud shrouded volcano Concepcion as metn from the Pan American Highway.

NICARAGUA-COSTA RICA BORDER AREA
FIGURE 4-3
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The mouth of the Sapos River on the south shore of Lake Nicaragua.

Railcar on a pier at Granadla on Lake Nicamaua.

NICARAGUA-COSTA RICA BORDER AREA
FIGURE 4-3
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East of Lake Nicaragua the area traversed by the canal alinements is largely
undeveloped. It is covered by thick jungle with only a few small clearings devoted to crops
and grazing. Population density in this area is about five inhabitants per square mile. The
divide, its immediate western slopes, and the shores of Lake Nicaragua are more heavily
populated and developed, averaging about 25 inhabitants per square mile. The principal
industries and population centers of both Nicaragua and Costa Rica lie approximately 100
miles away from the proposed canal routes. Most of Costa Rica's 1.7 million people are
located in the region near San Jose, while three-quarters of Nicaragua's population of 1.9
million live near the shores of Lake Nicaragua and Managua.

The population in the area that would be affected by canal excavation is primarily
mestizo, with small percentages of Caucasians, Negroes and Indians. The literacy rate is low
and health and sanitation standards are poor. Construct-on would not adversely affect
primitive cultures having anthropological value.

Most archeological finds in the area of southern Nicaragua and western Costa Rica have
been on the Pacific slopes adjacent to Lake Nicaragua. Numerous stone statues up to four
mcters in height have been noted on the shores and islands of the lake. "9 Northwestern
Costa Rica also appears archeologically rich; however, the most spectacular artifacts, such as
jade and goid objects, come from looted and undocumented sites. Since a canal would
generally follow natural drainage systems, it would cross areas of high archeological
potential, which are most often fou.nd clustered along rivers and other natural sources of
water. To date, nevei iheless, there have been no major archeological finds in the immediate
areas of the proposed routes.

Existing shipping facilities capable of serving a canal are extremely limited. On the
Pacific side, deep water lies between ½ and 3 miles from the coast. On the Atlantic, cargo
vessels are unable to approach closer than about 3 miles from shore in the vicinity of the
routes. The principal Pacific ports are Corinto, Nicaragua, and Puntarenas, Costa Rica. Both
of these ports could accommodate modern cargo vessels; however, they are too far from the
routes io serve as supply bases. Only the shallow draft* harbors at Bluefields, Nicaragua, and
P,-.!-6 Limon, Costa Rica, are available on the Atlantic side.i"

The Panamanian Isthmus (Routes 10, 14, and 15): In this area the American Isthmus is
both narrow and low. The distance between oceans here is approximately 30 to 60 miles,
depending on the alinement. For Routes 14 and 15 the valley of the Chagres River, now
largely submerged beneath Gatun Lake, offers an easy approach from the Atlantic Ocean to
the Continental Divide through which there are passeF at elevations of approximately 300
feet.

The geology cf the area is complex and characterized by abrupt transitions from
competent rock to materials of very low strength. The terrain on the Pacific side, which
includeiz the Continental Divide, is dominated by conical hills, capped by basalt or
agglomerate and surrounded and underlain by weak sedimentary and pyroclustic rocks.

T'he%. harbors are capable of handling vessels at i2-f,)ot draft or les.

tLinited small boat facilities exist at the Nicaraguan towns of San Juan del Sur on the Paifi aw; San Juan dei Norte on

the Atlantic
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The Caknto River and Pacific coastlne, looking southeas from the proposed Rout'n 10 tennlnua.

Looking northmat along the Pati American Hligway from die vicinity of the aihument. The bridge in the foreground
cr owss the Caimaito River.

ROUTE 10 AREA

FIGURE 4-5
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Typical bohlos in the viLag of Rio CoisgL. a settlen.4int northeast of the alinement and near the Continental Divide.

The ajinmnent immediately n )A th of the Continental Divide. looking norwthes

ROUTE 10 AREA
FIGURE 4-5
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Materials in the central sector of this area vary from weak clay shales and soft altered
volcanics to relatively stronger sandstones and basalts. The ridges along the Atlantic coast
consist of medium hard sandstones.

Soils in this portion of the Isthmus are predominantly lateritic. The scattered cleared
areas exhibit the developmental pattern typical of shifting subsistence agricultute. Most of
the ground is covered by a tropical moist forest with a multi-storied canopy. Small areas of
savanna are found in the southern portion and premontane evergreen forest* occupies the
upland and divide areas.

The climate is tropical with temperatures averaging 83°F and ranging between 65'r and
950°F. Mean relative humidity is 80 percent. A distinct rainy season extends from mid-April
to mid-December. Annual rainfall varies from 130 inches on the Atlantic coast to 70 inches
on the Pacific. Occasionally winds on the Atlantic side cause hazardous seas.

Tides in the Atlantic art: irregular, with an average range of 0.7 feet and a maximum of
2.6 feet. Pacific tides are semidiurnal, having an average range of 12.7 feet and a maximum
reorded range of 21.7 feet.

The urban centers, Panama City (population 415,000) and Color, (population 8S,000),
are situated at the ends of the Panama Canal and are linked by a railroad. and two-lane
!highway. Both cities are close to excellent harbor facilities operated by the Panama Canal
Cumpany-Cristobal on the Atlantic side and Balboa Harbor on the Pacific. Essential ship
services, such as repair and bunkering, are available.

The area lying west of the Canal Zone along Route 10 has undergone moderate
development. The rolling hills on the Pacific side of the Continental Divide have been cleared
of the tropical jungle which once covered the entire Isthmus. This region and the Caribbean
coastal area are used for farming and grazing. Further inland the area is covered with jungle
growth, broken only by a few clearings givn over to slash-and-burn cultivation. Most of the
land along the alinement is publicly owned. La Chorrera (population 38,000) on the Pan
American Highway is the only significant town in the vicinity of Route 10.

Two-thirds of Panama's population are mestizos. The rest is made up of Indians,
Negroes, Caucasians and Asiatics. The predominant cultural heritage is Spanish. The area
within and immediately surrounding the Canal Zone contains remains which span much of
Am•erican prehistory, the earliest local manifestations of which apiear in the "fishtail"
fluted projectile points from Madden Lake.2  These may be part of *he general Paleo-Indian
horizon of the Americas, dated from remains found elsewhere to around 7000 B.C. and
earlier. A recent project has revealed at Panama Viejo a culture based largely on fishing and
shePr',l.%h gathering-a "rather widespread group of related tribes....distributed over the Canal
Zone, and Pearl Islands, and adjacent territory to the east." 2' The relationship of this
culture to others from western Panama-the Venado Beach culture (tentatively dated as
about 1000 years old) and the Cocle manifestation of late prehistory-is not yet known.
Undoubtedly, other sites lie within the area under consideration.

The Route 10 alinement is readily accessible from the Canal Zone. Roads exist between
Panama City and La Chorrera, and between Colon and Lagarto. Gatun Lake offers a good
means of acccss to the hinterland. Apart from the Panama Canal terminals, coastal harbor
facilities are extremely limited.

"This is a low dense evergreen forest with abundant epiphytes (parasitic moss, lichens, orchids. etc.).

V-36



The Darien hthmus of Panama (Routes 17 and 23): Very little information on this area
was available prior to the present study. Some topographic and geologic data were obtained
from the Isthmian Canal Commission Studies of 1899-1901, from geological reconnaissance
in 1946-47 and from recent aerial photography; however, they were not adequate to permit
evaluation of the feasibility of constructing a canal. Consequently, the Commission
undertook a program of field surveys in the vicinity of the Route 17 alinement. The results
obtained from this program, conducted in the period 1966-1969, are summarized in Table
4-1. These data apply only indirectly to Route 23.

TABLE 4-1

DATA COLLECTION PROGRAM IN THE DARIEN REGION, 1966W1969

Topography A 57-mile baseline survey was made. More than 200 miles of cross
section were surveyed.

Geology Geologic reconnaissance included surveys of an area of more than 290
square miles. Subsurface exploration consisted of 20 holes, totaling
about 12,000 feet of core drilling. Material was tested in place by
geophysiual .- ethods and borehole photography. More than 450
samples were subjected to laboratory testing for paleontologic, petro-
graphic, chbmical, and physical characteristics.

Hydrology Fourteen rainfall, 5 stream, 2 sediment and 2 tide gages were installed,
and records were obtained from November 1 ri66 to October 1968.

Meteorology Two weather stations were established, one near each end of Route 17;
surface and upper air observations w~re made from July 1966 to De-
cember 1967.

Medico-Ecology Insect and animal specimens were collected and identified from this
study area and the Atrato-Truando region of northwestern Columbia
in 1967; blood of specimens was analyzed to determine vectors
and reservoirs of human disease.

Bioenvironment Native populations were studied to determine living habits and ag-
ricultural systems. Plants and animals, both marine and terrestrial,
were studied to determine their relation to human food chains.

Acoustic waves Atmospheric conditions were measured up to 200,000 feet, with
wind speed, direction and temperature being measured by an average of
5 instrumented rockets per week launched from Battery McKenzie in
the Canal Zone. Windowpane surveys were made.

Ground motion A network of 10 seismographs was installed (2 in Panama, 8 in Columbia)and operated from June 1967 to March 1969. Structural surveys weremade in major population centers.
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View, looking tot ihw-t, across Limon Bay from Colon, Panama. The Atlantic entrance to Route 14 would be through

Llinon Bay.

The Route 14 3bncment, looking northwest, Cerro Gordo is the left background; the Panama Canal is on the right.

ROUTE 14 AREA
FIGURE 4-6
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View of the proposed Pacific entrance of Route 14, looking south from B&dboa toward the Thatcher Ferry Bridge. Itoe
bridge is a fin~oc link in the Pan American Highway.

View across Miraflores Lake, looking northwest. Miraflores Locks, shown in the foreground, raine and lower ships 54 feet
in 2 steps. The Pedro Miguel Locks are in the beckground.

ROUTE 14 AREA
FIGURE 4-6
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Almost a mile long, the Gatun
Locks permit ships to be
raised .r lowered approxi-
mately 85 feet in three steps.
Hue two ships are being
"locked up into Gatun Lake.
The dredged channel in the
background leads to the Carib-
bean Sea.

The battleship New Jersy passing through the Pedro Miguel
Locks enroute to Vietnam in 1968. The N-,w Jersey is one of
the largest naval vesseLO to transit the canal. Most modem
aircrpft carriers are too large tn use the canal.

Approximately 8 miles long,
Gaillard Cut produced most of
the major problems encoun-
tered during the construction
of the Panama Canal. The cut
widening shown in this view,
looking southwest along the
canal, is now complete.

PANAMA CANAL AREA
FIGURE 4-7
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The Darien region's remoteness from major population ,enters, its narrow width and
relatively low elevations along the Continental Divide make it attractive for the-employment
of nuclear excavation techniques. Indeed, it was these features of Route 17 that brought
about the present study.

The Continental Divide lies about 10 miles west o•f Caledonia Bay. Most of the low
passes in this area are too narrow to accommodate a sea-level canal; however, Sasardi Pass at
an elevation of about 1,000 feet appears suitable for nuclear excavation. In the central
sector the Chucunaque River, its tributaries and the Sabana River flow southeasterly
through a valley about 20 miles wide, with an average elevation of about 200 feet. This
valley is separated from the Gulf of San Miguel on the west coast by the Pacific Hills,
through which the best canal alinement would pass at an elevation of 750 feet.

The Continental Divide consists largely of basaltic flows with pyroclastic interbeds,
while material in the Chucunaque Valley is mainly weak clay shales. The Pacific Hills, a series
of anticlinal ridges and fault blocks, are formed of basic volcanic rocks and calcai-'ous tuffs.

Along the eastern edge of the Darien region, coinciding with the Panama-C':!.J11oia
border, the Continental Divide crosses from the Atlantic to the Pacific si'le of thK Isthmus.
Relatively low divide elevations can be found between the headwaters ol' the Tuira River,
flowing northwesterly to the Gulf of San Miguel, and the Cacarics River, flwing easterly to
the Atrato River. Although surveys of this area have been very limited, it is generally
believed that the lowest divide elevations here are between 400 and 500 feet.

Data available from previous investigations and a geolcgical reconnaistsance conducted
in support of this study, indi,;ate that the divide in this sector is composed of tuffs,
limestone, and interbedded sandstone and shales. Except for a short reach of Pacific tuffs
near La Palma, the lower Tuira River flows mostly through sedimentary formations, overlain
near the coast by marine swamp deposits.

The Darien's climate is essentially the same as that of the Canal Zone. Annual rainfall
averages about 100 inches at the Atlantic coast, 120 inches along the Continental Divide and
80 inches at the Pacific.

The area is generally covered by heavy tropical jungle. There are four major types of
forest in Panama and all may be found in the Darien Isthmus. The predominant cover is
tropical moist forest typified by a tall deciduous canopy over a stratum of evergreens and
palms. Bordering the marshy areas of the Gulf of San Miguel are mangrove forests. River
valley flood plains support hardwood forests, principally of cativo. In the area of the
Continental Divide and other scattered uplands the vegetative cover is classed as premontane
wet forest.

Soils in the vicinity of Route 17 are primarily lateritic, except in the Chucunaque River
Valley where the soils are generally alluvial. The Caribbean coastline is bordered by a
narrow strip of beach sands while the Pacific side of the isthmus consists of marsh-type soils.

Atlantic tides are irregular, with a mean range of 1.0 foot and a maximum of 2.7 feet.
Approaches to the Atlantic shore are exposed to storms and there are no natural harbors or
port facilities, although some local protection is provided by the irregular coastline and the
islands in Caledonia Bay. Deep waiter lies about 2 miles offshore.

The Pacific terminus is within the Gulf of San Miguel. La Palma provides some port
facilities, as well as navigable depi hs for shallow draft shipping. Although there is deep water
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within % mile of the shoreline, there are many shallow areas which would have to be
dredged for an npproach channel. Tides there are semidiurnal, with a mean range of 14.3
feet and an e,-timated maximum range of 23.0 feet.

Inhabitants of the Darien region include several ethnic groups. La Palma, the capital of
Darien Province, Is a coastal town of about 1,500 people of mixed origin. Inland, on the
Pacific side, primitive Choco Indians live in family units. Isolated Cuna Indian villages dot
the interior river valleys on the Atlantic side. The Cunas also inhabit many of the San Blas
Islands along the Atlantic coast, traveling to the mainland to farm, hunt, and obtain fresh
water.

The Panamanian government has a special agency to deal with the San Bias Cunas,
whose culture has beun thoroughly studied. The interior Cunas avoid strangers and relatively
little is known abolt their culture and tribal organization. Hostility to the white man has
been passed from gSneration to generation since the time of the conquistadores. Both the
San Bias and interior Cunas could be expected to resist any efforts to move them in order to
permit canal construction. The Choco Indians might be more amenable to such a shift.

Little is known of the archeology of the Darien Isthmus. The area appears to have been
thickly settled and prosperous at the time of the conquest;1' however, there have not yet
been any major archeological finds in the immediate areas of the proposed routes.

The Atrato-Truando region of northwestern Colomias (Routes 23 and 25): The 1947
Isthmian Canal Studies made it a rent that more information on the Colombian routes
was needed. Consequently, the Special Canal Study - 1949 was conducted to collect data on
topography, geology, and climatic conditions."' This effort, together with a number of
independent reports, provided background material for planning the present study. To
permit evaluation of Route 25, field surveys were made, similar to those along Route 17.
This work was performed during the period 1967-1969. Its results are summarized in Table
4-2.

The American Isthmus in the Atrato-Truando region of the Choco Province of
northwestern Colombia is characterized by high, rugged terrain within sight of vast estuarine
marshes. Because of its remote location and the relative ease and low cost of dredging
lowland swamp areas, it holds promise for the application of a combination of nuclear and
conventional construction techniques. Here the distance between the Atlantic and Pacific is
approximately 100 miles. The dominant terrain feature is the Atrato River which flows
through the northern half of the region from its confluence with the Truando River to the
Gulf of Uraba on the Atlantic. The Continental Di ' lies on the Pacific side, in
mountainous terrain nearly 20 miles wide, through which there are passes at elevations
between 900 and 1,000 feet. The Curiche !'-ver has its headwaters in the divide highlands
and flows westward for about 20 miles before emptying into Humboldt Bay on the Pacific.

Soils in the upper Tuira River Valley and along the Continental Divide separating
Panama and CL ambla are primarily lateritic. The Atrato Valley is a broad plain composed
of marsh-type soils. The Choco Highlands, which form the Continental Divide in this region,
are high, narrow ridges formed by the uplifting of Choco volcanic rocks. Soils are lateritic
and tend to be shallow.

The upland areas of the divide and the extensions of the Choco Highlands are primarily
covered with dense, low evergreens intermixed with abundant epiphytes and woody vines.
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Typical view of the Pad&l coastlibe, looking West, ewflue dtPv0Poed Pacifi *afance to Routs 17.

View oalog tne Continental DiM&d looking south.

ROUTE 17 AREA
FIGURE 4-9
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Chucunaque Vailey centeine trail from Santa Fe built far die data coflectica program.

Typical Qana wiflap In remote j�angIa mew be Route 17 ailnement.

ROUTE 17 AREA
IIGURE 4-9
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TABLE 4-2

DATA COLLECTION PROGRAM IN THE ATRATO RIVER REGION

Topography A 78-mile baseline survey was made from the Pacific to the Atrato River.
About 160 miles of cross sections were surveyed.

Geology Aerial mapping of surface geology included geophysical surveys of an
area of about 640 square miles. Sub-surface exploration consisted of 22
holes with an aggregate footage of about 9,000 feet. Material was ex-
amined in place by downhole geophysical methods and borehole photo-
graphy. More than 300 umpl,,- were tested to determine paleontologic,
petrographic, chemical, and physical characteristics.

Hydrology Eighteen rainfall gages, 8 stream gages, and a tide gage (on the Pacific)
were installed and records obtained from July 1967 to December 1968.
Six combination stream and rein gages were operated unt'l May 1969.

Meteorology Two weather stations - one near each terminus of the route - were
established. Surface and upper air observations were made from July
1967 throurh June 1969.

Medico-Ecolofy, Field data collected and dis.,,ssed previously in relation to the Darien
Bi5Wv!ironment, Isthrrais of Panama are also ar.•Ficable to this study area.
Acoustic waves,
Ground motion

The principal remaining forests are located on rolling hills between the Atrato flood plain
and uplands and consist of multi-storied hardwoods. Tlie flood plain itself is covered with
tall grasses, cane-like palms and brush-type plants that form impenetrable thickets.

The tropical climate is generally similar to that of the other routes. Average annual
rainfall varies from 80 inulhes at the Gulf of Uraba to 200 inches on the Pacific side.

Atlantic tides are irregular, with a mean range of 1.1 feet and a maximum of 2.9 feet.
Pacific tides are regular, having a mean range of 8.4 feet and an estimated maximum of 14.0
feet.

This region is even less developed than the Darien Isthmus of Panama. Within the area
which would be affected by a sea-level canal, the Atrato Swamp is generahy uninhabited; an
exception is the village of Rio Sucio. Near the Continental Divide are occasional clearings
along the streams where Choco Indians have settled. Selective lumbering for mahogany is
carried on in this region.

The only harbor facilities on the Atlantic side are at the Caribbean port of Turbo,
Colombia. The channel there is maintained at 12 feet, with 10-foot depths available along
harbor piers. Deep water lies abc-.t 4 miles away from the port. Navigation on the Atrato
River is presently restricted to shallow-draft vessels. On the Pacific, Humboldt Bay provides
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a natural roadstead. Deep water is fU und within I % miles of the coast. The Pacific beach
slopes gently and during low tides can be used as a landing strip for helicopters and small
fixed-wing aircraft.

Most inhabitants of the area affected by the proposed canal are either mestizo or
Negro. The two major Indian groups, Choco and Curia, are slowly being assimilated by these
relative newcomers or are moving toward the mountains of Panama. Canal construction
could be expected to make a drastic change in the Indian way of life.

Little is known of the archeology of this region. To date, no significant finds have been
made; however, if a canal were built, it would probably follow natural drainage patterns
where such finds are most likely to occur.

Summary table: Characteristics of these four regions are summarized in Table 4-3.
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Atrato Rivet delta and ptrpc~ed Atlantic terminus of Route 25, looking north.

'oe Freresta ban. camp on the bunk of the Tnzando Rivet, used for data collection.

ROUTE 25 AREA
FIGURE 4-10
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Looma Tapes? weather station locate ear di. Atlanticnil of Route 25. Station was built an one of the few NOg points
of laNd in the Attato, low lands.

VI

Continental DM&~d area lookki seast from Alto Cuulcie weather station. The lIgh spot at let canter is unoke from burning
off a mitt foe subsurface jsol*si investigations durin date collecting activities.

ROUTE 25 AREA
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TABLE 4-3

SUKV^ARY OF REGIONAL CHARACTERISTICS

NieerqwiCoeta Pbanamaria Darien Atrato-Trnmndo
Rio Border Region lethemov Isduntrs Region

V~dth: 125-170 miles. 30490 miles. 50d60 miles. 90-110 miles.

Terrain: The lowest pess on the ron- The lowest pus on The l&owestuit"bl Passes exist through the
tinental Divide is at about the Con ticentul pmss In the divide is at dlivide at elevations of about
elevation 150 feet. Lake Divide is at about @bout elevation 1,000 1,00M feet (about 460 feet on
Nicaragua, I0On miles long elevation 300 feet. feet. The Continsentael Rout@ 23). The Atrato Valley
and 45 miles wide, averageos (3atun Lake on the Divide lies about 10 mntmp lIsthe moat significant
105 feet. Mountain ranges Atlantic side of th Miles south of the feature with elievations f rom
east of the lake are broken divide gvijmqps 85 Atlantic cOWLt The m level to 10 feet. The Con-
by plase at about 400 feet feet. J,-ý-ie growth csfltvl located tinental Divide forms the
and the Son Juan Valley at covers hwian areas; Chur.unequ Valley western boundar of the region
about 120 fast. Denw jungle the rolling hills in runs Ina southeasterly as it cuts across the Isthmus
exists throuehout excep 'or coastala&rosesre direction to join fth Its 2O-mlle width saretsa tt,
clared areas near the It A* partially clared. Tuira Valley. The Atrato Valley from the Pacific
"an in the vicinity of the Pacific Hills at avereige Ocsan. Thick tropical jungle
divide, elevation of 1.000 or lush marshland cover the

feet end the Gulf of region.
Son Miguel are the
principal fustures of
the west coast There
Is heavy tropical
jungle throughout.

Geology: Mainly volcanic tuff; assumed Varies from weak Pyrolastice and Varies from unconsolidated
favorable for cenell con- thales and send- volcanic rocks of sediments to sedimentary
struction; subsurface stones to herd basaltic coomposi- rocks end competent volcanic
geology is not well beasalt and at tion, sedimentary rocks.

known. glomeratas. rocks and week "hlet.

Tide range Pacific 6.2 ft/9.7 ft; Pacific 12.7 ft/ P.-Afic 14.3 ft/ Pacific 8.4 ft/140D ft,-
(avg/peak) AtlanticO0.7 ft/2.6 ft. 21.7 ft; Atlantic 210D ft; Atlantic Atlantic 1.1 ft/2.9 ft.

0.7 ft/2.5 ft. I A~ ft/2.7 ft.

Coasets: Pacific deep woetr evailable Deep water is does The Pacific has deep The Pacific has deep waetr
within 1/2 mile. and pro- in on the Atlantic water within 1/2 mile within 1Al miles and some
tected harbor sites exitt. side, 15 miles out an the Cuif of Son natural protection. The
Atlantic deep witter is as far on the Pacific skide. Miguel provides a large Atlantic %ide 1 0-fathom

as 3 miles offshore with no The Atlantic side natural anchorage site, contour Is 2 miles offshore. The
good natural harbor sites offers little natural The Atlantic side 10- Gulf of Lirabs, Candelaria Bay
available, protection, the fathom contour Is 2 and Colombia Bay pro'-ide fair

Pacific offers fair miles offshore. Off- to good protection.
protection, shore islands provide

limited protection.
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TABLE 4-3

SUMMARY OP REGIONAL CHARACTERISTICS (Contd)

Nloqewsm.osta Panamanian Darien Atrato-Trusindo
Rio Border Region Isthimis Isthmus Region

Haerbors: Nearest Pacific coast Bust of areas considered. No harbors exist on Colombian port of Turbo
ports are Corinto and The Canal Zone has ex- the Atlantic coast. On on the Atlantic coast has
Puntaroens. On the Atlantic cellent port facilities av- the Pacif ic coas La a depth of 12 feet with
shallow draft harbors exist ailebile at both andis of Palma provides min- 104oot depths availaoble
at Bluef lelds and Pusrto the canal for shipswith imum Port facili- aslong harbor piers. No
Limon. All are more than drafts up to 40 feet. ties for shallow harbors exist on the
80 miles from prospective draft ~eIes with Pacific acoest, although
routes. room for expansion. Humboldt Bay affords

some natural protection

Communi- Sen Juan River and Lake The 9xisting canal and The Chucunaque end The Atrato River provides
cations: Nicaragua allow water Getun Lake offer eay the Tuira Rivers allow excellent s-m for

scosse to the interior. No water acoes to the access to the interior s~hallow draft vessels.
transisthmisan highway or region. A transisthmlan in small boats. No No railroads or all-weather
railroad exists. The Pan railroad andea two-lane roads, railroadis, or weather airfields exist.
American Highway a'oms the aliweaher highway exist. all weather airfields Pan American Highway
arem within 10 miles of the Aliweather roads' exist. Pon American survey has been in
Pacif ic coast. There is no generally parallel both Highway survey he. progrss for several yearm
road along the Atlantic coasix. jet airf ields ixit. been in progress for
coas or all-weather airfield. sevral years.

Labor Labor may be available Sources exist In centers Labor is not readily Labor is not readily
supply: from the Nicaraguan m of popuaiotloe of the avalilabia. The area is savliable. The area is

metropolitan region across ame. The rumber of remorte from major undeveloped. Local
Lake Nicarag is; also from Inhabitants skilled in population -ras. inhabitants are unskilled.
Costa Rica and Nicaragua heavy construction is Local Inhabitants wre
along Pan American limited. unsikillad.
Highway. Local Inhabitants
are unskilled.

Rainfall Atlantic side 260"; Atlenti side 130"; Atlantic side 100", Atlantic side 80";
avrg: Paclf r skide 80". Pacific side 70". Pacif IC skide 0". Pacific skide 200".

Local Subhsistence farrying, Farming and ranching, Subsistence farming, Selective lumbering and
develop- lumbering, fishing and light industry and lumbering, ranching, subsistence farming.

M". ranching. commeryce. and fishing.
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A technician examines a box of specimens for Identlilca- Technicians identify insects for possible disease carrying
tion. capabilitiui

IA technician examines an animal for possible disease. Animal collectors with some of the specimens they

The study required the identification of all possible sources and aven ues of transmissiona of human disease in the areas
under consideration. To accomplish this thousands of specimens were collected and examined to determine if they could
act as reservoirs ar vectors of human diseases.
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CHArPER 5

CONVENTIONAL EXCAVATION TECHNOLOGY

Nearly three-quarters of the cost of constructing a sea-level canal by conventional
means is associated with excavation. Therefore, wherever (onventional excavating tech-
niques might be employed, particular attention has been given to alining routes so as to
minimize the volume of excavated material.

The present lock canal in Panama stands as a monument to the ingenuity and
organizational skill of American earthmovers. They succeeded on a grand scale where others
had failed. The magnitude of their achievement can be realized by cumparing it with other
large excavation works, as shown below:

Cubic yards
ProjeCt/DJW= ,2? excavated Significant dimqnsions

Suez Canal; 1859-1870 97,000,000 100 miles long; 150 ft wide by 26 ft
deep; surface elevations up to 100 feet.

French Canal, Panama; 78,000,000 48 miles long; 75 ft wide by 30 ft
1881-1898 deep; surface elevations up to 112

feet; excavation 70% completed when
abandoned.

Panama Canal; 1904-1914 2' 0,000 48 miles long; 300 ft wide bV 42 ft
deep; surface elevations up to 155 feeZ.

Panama Canal; 1915-1970 190,000,000 About 150 million cubic yards of
maintenance dredging and about 40
million cubic yards removed in
widening Gaillard Cut to 500 feet.

Mahoning Iron Mine, 700,000,000 3.3 miles by 0.7 miles; maximum
Hibbing, Minn.; depth 535 feet.
1895-present

Kennecott Copper Mine, 1,000,000,000 Two mile diameter; maximum depth
Bingham, Utah; 1700 feet.
1904-present

Morenci Copper Mine, 500,000,000 1.5 mile diameter; maximum depth
Morenci, Ariz.; 700 feet.
1937-present
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The construction of an istarmian sea-level canal would require an effort surpassing all
pre.dious projects in both extent and rate of excavation. At the very least, it would involve
the removal of nearly 1.5 billion cubic yards of material. Larger channels would require the
excavation of even greater quantities, as shown in Figure 5-1.
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CHANNEL 801 TOM WIDTH, "FET

Approximate excavation quantities on the Route 10 alinement
for various channel dimensions.

FIGURE 5-1.

Excavation systems: Many of the techniques and much of the equipment available for
this work today were developed during construction of the Panama Canal. In the intervening
years, capabilities have been increased and adapted to specific needs of the coal, iron, and
copper mining industries, as well as those of large public works projects. In the same period,
substantial improvements have been made in hydraulic dredges, while whole new families of
tracked and wheeled vehicles have entered the field of earth moving.

Good construction practice requires a balanced system for excavating, hauling, and
disposing of spoil. Hauling would be the critical factor in buildinq a canal since, in general,
the capacities of avaijlble haul equipment are less than those of large excavaLing machinery.
Consequently, a balanced excavation system might contain excavation equipment smaller
than the largest available. Thus, although 180-cubic yard shovels exist today, only those
with 15 to 25 cubic yards capacity would be used for land-ba. d canal excavation because
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they are best suited to the largest trucks and rail gondolas now in use. In a water-based
operation, however, barge-mounted stripping shovels of about 140 cubic yards capacity
could be used efficiently to fill the lawge (3,000 cubic yard) scows that would carry away
the spoil.

By far the greatest volumes of material excavated for a sea-leve! csani would be
removed from the Continental Divide reaches. Three general systems might be employed in
this work:

- Shovel excavation with truck haul;
- Open-pit mining with rail haul; and,
- Dipper dredge excavation with scow haul.
The first of these iystems would use 15- to 25-cubic yard shovels and 100-ton dump

trucks for reducing isolated high points to elevations where either of the other systems
normally would be employed. The dump trucks, with their high mobility and ability to
traverse steep grades, could handle relatively small work packages effectively, making it
possible to operate several sites concurrently without significant increases in cost. They
would have an economic haul range of about 3 miles; however, when loadcd they would
subject roads and bridges to severe stresses. Haul roads with 2-foot thick wearing surfaces of
hard rock would have to be built end maintained continuously to withstand the adverse
climatic conditions of the region.

The second system, open-pit mining with rail haul, would employ 15- to 25-cubic yard
shovwls to fill I I 0-ton gondolas in 20-car trains. Rail haul would be more economical than
truck haul for moving large volumes of excavated material over relatively long a. stances.
Recent innovations in rail equipment, such as remote-c ntrol trains with small crews and
fast-acting automatic rotary car unloaders, make rail haud even more attractive under such
conditions. Figure 5-2 shows schematically how the op-n-pit mining/rail haul concept
might be applied to the constnrction of a canal. This system would be economical where
haul distances are greater than 2 miles and adverse grades for loaded gondolas do noi exceed
3 percent. Large volumes would have to be mnoved to offset the high cost of railbed
preparation and laying track. Criteria for track layout would constrain the location and
configuration of spoil areas.

The thire- excavation system would use large, barge-mounted shovels loading into
bottom-dump scows, each of which would hold as much material as an entire train of
railroad gondolas. This system, being completely waterborne, could operate from existing
lake or ocean levels, provided there is adequate depth for flotation in the excavation, haul,
and disposal areas. It could be extended on a limited basis to dry land excavation. To the
extent of its capabilities, it would provide the least expensive means of excavation. Its
economy might be offset by adverse effects of dumping large amounts of material into
marine environments. In unsheltered areas, high seas might force an occasional halt to
operationhs.

All three systems would incorporate draglines as well as shovels, to be used in
excavating material well below the equipment's level. In areas requiring wet excavation,
draglines could be mounted on barges.

Mud, silt, sand, gravel, and soft rock would be removed from sheltered approach
channels and low-lying reaches by hydraulic pipeline dredges. Their use would require that
suitable disposal areas be available within pumping distance of the canal. A 2-mile limit
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would be preferable, alth )ugh booster pumps are capable of transporting spoil as far as 3 to 5
miles. Hydraulic dredges could be built to excavate material down to the maximum depths
required to meet channel criteria.

Figure 5-3 shows how these excavation systems might be employed in crossing the
Continental Divide on Route 14 Separate. Rail haul is maximized in this case. Estimates for
this route are based upon the systems shown in the figure.

Figure 5-4 shows some items of currently available excavating and hauling equipment
which might be employed to construct a sea-level canal, and Table 5-1 indicates how
excavating and hauling equipment have been balanced for the estimates included in this
study.

TABLE &-I
CAPABILITIES OF EQUIPMENT SYSTEMS UIV'0ER SEA-LEVEL CANAL
CONDITIONS BASED ON THE OUTPUT OP A SINGLE EXCAVATOR

Maow Exeavating Eqsalpinmnt Hauinhg Equipmervt Considered

Number of
Units Per Exmavato

sigl untPoduction Lovel Haul Diatance.
Type Capeelty Cu. YdJHr. Type 2 mile S Miles

Shovel, 15-cu. yd. M60791? 100-ton dump truciCob 6 13
110-ýton rail cars 8 15

Shovel, 25-cu. yd. 810-t20' 100 -Iton dump truckab is
I I0-ton raillcars 11 20

Dipper dredge
33-cu. yd. 601.230' 3.000-cu. yd. scow 1.9 2.4

Dipper dredge
140-cu. yd. 2.4005.000' 3.000-cu. yd. scw3.8 5.8

Dragilne (be~rga-ounted)
3bt-cu. yd. 420,1,000e 3,000-cu. yd. scow 1,7 2.1

Hydraulic, drege 27" l.ooo.2.ood Booster pumps 1 3

Hydroulle dredge. 46" 2,40 0 45 000 d Ikoate pumpse 1 3

tmRete vary frorn hard rock to overburden.
w~peieneth 200-ton dumb trucks wsconsidered Insufficient f~w uese In developinU estimates for this study.

cThe number of ur.Its would very with the sits conditions and the sytmn layout. The combination of seweral excatr

and haul units would appreciably affect Ioses time of the systerm end alter the number of units required per excisvitor.

Drilin and blaa~i~: The varied geology of the American Isthmits would make it

necessary to use many different drilling and blasting techniques for breaking up material
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A 18O.k ubc-yard sripping shovel.

A 1S-cubic-ysrd dragline

CONJVENTIONAL EXCAVATION EQUIPMENT
FIGURE 5-4
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prior to loading. The drills considered most suitable for this project are self-propelled rotary
drills, track-mounted for dry excavation and barge-mounted for wet excavation. Explosives
that would be appropriate for the conventional canal project fall into three general
categories: dynamite, ammonium nitrate-fuel oil, and slurries. Of these, ammonium
nitrate-fuel oil was used for estimates in most cases because of its low cost and relative

inse~nsitivity.

Disposal methods: A portion of the excavated material would be used for embank-
ments, dikes, dams, and flood control levees. Selected material would also be utilized for
railroad ballast, haul road surfacing, and bank protection. The majority of the spoil,
however would not be used for construction, but would be placec. in valleys along the
alinement. Ocean areas would be used where practicable. On Routes 10, 14, and 15, parts of
Gatun '..ake would be used for disposal. Despite the general adequacy of spoil areas,
environmental considerations dictate that they be carefully selected. This is discussed more
fully in Chapter 10.

Exc2vation cost trends: Historically, unit costs n' excavation have not risen as fast as
costs in the construction industry as a whole. The ressons for this are twofold:

- The principal cause of increases in construction costs is the constantly rising cost of
labor. (Large scale excavation is less labor-intensive than the remainder of the
industry; hence, it is less sensitive to changes in labor costs.)
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- There has been steady improvement in the efficiency of excavating machinery and
systems.

In recent years, however, excavation costs have begun to rise at a rate approaching that of
the entire construction industry. (See Figure 5-5.) As excavation technology improves, new
concepts of earth moving might offer means of reducing costs. Methode which appear to
hold promise, if major product improvements can be Echieved, include conveyor belts,
continuous excavators, monitors and sluicing, nuclear-powered dredges and excavation by
either chemical or nuclear explosives. There is no doubt that some or all of these
improvements will be made. However, since their application lies in the future and their full
extent cannot bp foreseen, conventional excavation eatimates in this study are based on the
use of existing equipment and proven methods for which reliable costs factors are available.
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Choco Indians gather to inspect a helicopter that landed Native labor was utilized In the construction of work
near their viiltge. Helicopter was delivering supplies to camps along the routes. This bohio is similar to most huts
one of the hydrology stations. constructed for thee camps.

U.S. Army medical teams also furnished medical attention Native$ aided in the collection of animal specimens such
Io the local natives whenever they visited the work camps. *his. Specimens were studicd as possible reservoir: or

vcCtors of human disease.

The local inhabitants of the areas investigated were very curious about thz personnel of the wnvey parties and their
equipment.

V-64



CHAPTER 6

NUCLEAR EXCAVWTION TECHNOLOGY

The economies that may be realized from applying nuilear excavation techniques to the
construction of a sea-level canal stem from three sources:

- The force of the explosion not only fractures material but moves it out of the cut.
- Economies of scale are inherent in large nuclear explosions-the higher the yield,

the lower the unit cost of eneigy produced.
- Nuclear explosives are small and compact compared to chemical explosives of

comparable yields; they can be emplaced quickly and cheaply.
Such potential advantages make nulep, explosives an attractive means for constructing deep
cuts that would be prohibitively ex)ensive if excavated conventionally. Associated with
these economies, however, are certain effects which must be assessed fully before any
decision to adopt nuclear excavation techniques is made. For this assessment, an
understanding of the nuclear cratering process and its effects is essential.

The nuclear cratering process: (Figure 6-1.) A nuclear explosion releases an extremely
large amount of energy from a concentrated source in less than one-millionth of a second.
This sudden release generates a shock wave which radiates from the point of explosion,

j transmitting energy to the surrounding material (Figure 6-1 (a)). This energy is sufficient to
vaporize everything in the immediate vicinity of the explosion. As the shock wave expands
beyond the vaporized region, its intensity diminishes. It creates successive zones of melted,
crushed, and fractured rock, beyond which only elastic deformations occur. When the shock
wave reaches the ground surface (Figure 6-1(b)), a tensile wave is reflected, which causes
spalling at the surface and fractures the underlying rock as it travels e ownward (Figure
6-1(c)).

Generation of the shock wave is followed immediately by the expansion of a cavity
containing vaporized rock and other gaseous products of the explosion. The cavity grows
spherically until it meets the downward-moving tensile wave which relieves the stresses on
its upper surfces. This causes the cavity to expand preferentially toward the ground
surface, further accelerating the material already set in motion by the shock wave.

As the cavity continues to expand upwards, the ground surface above begins to rise. A
mound forms (Figure 6.1(d)) and grows until it breaks up (Figure 6-1 (-)) and the underlying
material, accelerated by expanding gases, is thrown upward and outward in ballistic
trajectory. Some of this material (fallback) drops into the cavity, while the remainder
(ejecta) falls outside (Figures 6-1 (f) and 6-1(g)).

!uclear crater properties: (Figure 6-2.) The true crater produced by the explosion is
partially filled by fallback. This material varies in size and forms concave slopes, producing
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(a) The explosive detonates, (b) The shock wave reaches (c) The reflected tensile wave
generating a shock wave and Is reflected from the reaches the cavity, causing
which vaporizes and melts surface, causing it to spall, as accelerated growth toward
the immediately surrounding the cavity grows spherically, the surface.
material.

.00

- t. /o !..N.- -

S• " ".V " --.. '. ---

(d) A mound grows and then (e) The mound reaches its (f) The mound completely
begins to dissociate, allowing maximum development as dissociates into fallback and
vapor to filter through the major venting occurs; crater ejecta, which are deposited to
broken material, sides begin to slump, form the apparent crater and

its lip.

FALBC EJECT,',

LEVEL "& "•

(g) Final configuration of a typical row
charge excavation.

NUCLEAR CRATER FORMATION

FIGURE 6-1
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ORIGINAL
EJECTA GROUND APPARENT CRATER

SURFACE BOUNDARV LIP

FALLBACK- .. RUPTURE ZONE

TRUE CRATER BOUNDARY "' "
j•A./•i- y POINT OF DETONATION

Apparent Crater - That portion of the visible crater which is below the original ground surface.

True Crater -The entire void initially created by the explosion including both the apparent crater
and the broken and disarranged fallback material.

Fallback -Material thrown into the air by the explosion, which does not have sufficient horizontal
velocity to escape the crater area and thus falls back into the void initially created by the explosion
(true crater).

Ejecta -Material thrown into the air by the explosion with sufficient horizontal velocity to escape
the crater area. Ejecta landing just outside the void created by the explosion forms part of the crater
lip.

Rupture Zone -The region bounding the true crater in which material has been sufficiently stressed
to cause fracturing, crush'ing, and some slight local displacement.

CROSS SECTION OF A ROW CRATER

FIGURE 6-2
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an excavation called the apparent crater which is approximately hyperbolic in cross
section.* The average slope angle of the fallback, measured from the horizontal, ranges
between 25 and 40 degrees depending upon the type of material. Becaum, of the dynamic
manner in whichi it has been deposited, this material stands at a slope angle somewhat f 1tter
than its natural angle of repose. The crdter lip is formed by uplifting of the ground surface
adjacent to the crater and by deposition of ejecta.

In excavating a canal, a number of explosives buried in a row would be detonated to
produce a row crater. In a row crater the height of the side lips above the original ground
surface is about two-thirds the depth of the apparent crater. The lips slope gradually to the
undisturbed ground as they extend outward.

The dimensions of a row crater depend on the type of material being excavated and its
moisture content, the yield and burial depth of the explosives, and their spacing within the
row. Navigation •hannels are usually considered to be rectangular in cross section; the cross
section of a nuclear crater is hyperbolic. Therefore, to produce a channel having at least the
required rectangular dimensions, a nuclear explosion must create an oversized excavation.
Figure 6-3a shows a conventionally dug channel through a surface elevation of about 300
feet. Figure 6-3b shows a nuclear-excavated channel through an elevation of approximately
1,000 feet. A major advantage of the large naclear channel would lie in its ability to
accommodate sedimentatiow. or surficial slope adjustments without restricting navigation or
requiring remedial excavaticn. Equally important, its great dep~th would make it relatively
invulnerable to traffic interruptions caused by disabled ships.

The simultaneous detonation of a row of explosives produces a linear crater with. a
larger cross section th: i a single crater produced by any one of the explosives. This
enlargement occurs because the explosives effects of adjacent charges interact to impart
greater energy to the surrounding material. Thus, a larger true crater is formed and the
broken material is thrown farther. The resulting increase in crater dimensions is called
enhancement. Enhancement factors used in this study range from 1 to 1.25.

As the mequired width and depth of the cut become greater, larger yields would be
employed but the number of explosives would diminish. Since the cost of nuclear
excavation is far more sensitive to number than to size of explosives, cuts with large cross
sections would cost little more thar. small ones. Safety considerations, however, normally
would dictate that the explosives used should be no larger than necessary to excavate the
required cut.

Canal excavation concept: From an operational viewpoint, the simplest method of
accomplishing nuclear excavation would be to detonate all explosives simultaneously, thus
opening the entire nuclear channel at one time. However, the enormous amount of energy
released by such a procedure would create unacceptable levels of airblast and ground motion
for hundreds of miles from the canal alinement. To avoid this, the design concept calls for
dividing the nuclear portion of the alinement into short sections excavated by separate
detonations of several explosives in a row. The length of each row crater would be chosen to
insure that ground motion and airblast would be within acceptable, conservatively selected

*Except where noted, the discussion refers to a crater formed by an explosive detonated at Its opthoum depth of burst, the
depth that produces the apparent crater hirrwl the maximum . oblme attainable for the yield of explosive used.
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FIGURE 6-3a

Ship passing through a single-lane conventionally dug canal, showing the navigation prism. (Maximum ground elevation
shown is 300 feet. nx e navigation prism is 550 by 75 feet)

FIGURE 6-3b
Ship passing through a two-lane cma excavated by nuclear mean, showing the navigation pnsn. (Maximum pround
elevation shown is 1000 feet. The navillation prim is 1000 by 75 feet)
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limits. The complete sequence of detonations would excavate a series of intercomiected row
craters to form the desired channel. The schedule would call for sequential excavation of
alternate, rather than adjoining, sections to avoid the collapse by ground shock of
immediately adjacent explosive, emplacement holes 1id damage to explosives pre-emplaced
for succeeding detonations. Thus, the channel would be excavated by two passes of
detonations, each pass comprising a series of alternate sections of the channel. First pass
operations would include drilling the pie-selected emplacement holes, loading the explosives
and firing. This would take several montlhs and would result in excavation of alternate
sections of the thannel amounting to about half of the total channel length. After a short
delay foi decay of radioactivity in the immediate area, identical operations for the second
pass would be performed. Second pass detonations would remove the alternate sections left
unexcavated by the first pass, providing a continuous channel. The row crater connections
would not be completely smooth and some fallback material night even impinge on the
required navigation channel. This material could be removed by barge-mounted draglines
and bottom dump scows for disposal in nearby sections where the excavation provided
considerable channel overdepth. Cost totals in this study include estimates for this remedial
work.

The two-pass excavation concept described above provides a method fc:- safe and
efficient execution of channel excavation while keeping undesirable side effects to
acceptable levels. Figure- 6-4a and 6-4b show a channel at Fort Peck, Montana, formed by
sequential detonations of three interconnected rows of high explosives in an experiment
demonstrating the feasibility of creating a navigation channel by explosive means

Associated effects of nuclear exploions: Nuclear cratering explosions produce three
unwanteEI effects: ground motion, airblast and radioactivity. Ground motion and airblast are
common to all explosions; however, the great quantities of released energy in large nuclear

explosions n.ke their effects potentially hazardous over long distances. Radioactivity is
unique to nuclear explosions and requires strict controls to avoid fiazards and to alleviate
psychological and sociological concerns.

The close-in hazards presented by these effects can be avoided by evacuating the
inhabitants of affected areas. In the present study, the distances to which possibly harmful
levels of ground motion, airblast, and radioactivity woma extend were estimated for each
detonation. These estimates were used to delineate the boundaries of areas that should be
evecuated. The lateral (crosswind) limits of exclusion areas would extend 30 to 50 miles
from the nearest detonation. Downwind they would extend to the coast, and that part of the
ocean included in their extension would have to be kept clear of ships on detonation days.

At any given point the magnitude of ground motion and its effects depend on the yield
of the explosive, its depth of burst, the materials through which the seismic pulse travels and
the distance of the point from the explosion. In those cases where subsurface geologic
conditions are known, the magnitude of ground motion can be predicted with a fair degree
of confidence. Predictions of resultant effects, however, are more difficult because the
response of structures cannot readily be determined. This is particularly true in areas where
there are no building codes, where codes have not been strictly enforced, or where
structures have undergone differential settlement or have deteriorated. Therefore, buildings
that might be damaged would be evacuated to prevent personal injury. In a few cities
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FIGURE 6-4a

Channel At Fort Pet* Reservior, Montana, created in an experiment demonstrating the feasibility ci creating a navigationchanne' by explosive means. This channel was excavated with 18 chemical explosive charge ranging from 5 to 6.0itons. It isi1,300 feet long, 130 feet wide, and has an average depth of 17 feet.

FIGURE 6-4b
Tagboat in Fort Peck channel. (Tgtoat length 47 feet: bean I I foet. draft 5 feet 7 inches.)
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outside the exclusion area, a small number of high-rise buildings migrit have to be evacuated
on days of very high-yield detonations.

Airblast, another likely source of concern caused by nuclear explosions, consists of air
pressure waves which, under certain high-altitude meteorological conditions, could be
fous,. d on locations as far as 300 miles from the point of detonation. In such cases the
principal adverse effects would be window breakage and possible attendant personal injury.
Lot.g-range airblast damage can be prevented or minimized by scheduling detonations to
coincide with favorable meteorological conditions. Injuries from close-in airblast can be
avoided by evacuating the immediate area of detonation.

As is the c=se with ground hock and airblast, the production and dispersal of
radioactivity from a nuclear explosion and its effects on the environment and on man are
reasonably well understood. Nuclear ciatering detonations release only small amounts of
radioactivity which, like all radioactive material, continually decay. These materials are both
concentrated and 'iispersed by natural processes, such as rainstorms, runoff and flow of
water, anti Aiological assimilation in food chains, increasing the difficulties of tracing
released radioactive materials. Therefore, prior to any nuclear explosio.a, the surrounding
area would have to be studied carefully to determine pathways through which radioactivity
might reach ma". Any unusual features of the environment affecting transport through
these pathways wuld be identified and closely monitored for some time following
detonations. Certain areas would have to be evacuated Cu',ring construction to minimize the
risk of exposing thK po-,ulation to levels of external radiation beyond appropriate guides. In
addition. shipping would have to be excluded from limited seaward areas for periods of 24
to 48 hours following each detonation in order to avoid radioactive fallout.

The evacuated area beyond the crater lips probably could be reoccipied by permanent
residents within a few months after the, final nuclear detonation. Resettlement of the
exclusion area would be contingent on the results of detailed and continuous radiological
surveys made to assure that no one woi td be exposed to levels of internal or external
radiation beyond allowable limits. Furthoi, the evacuation area would continue to be
monitored to keep track of the remaining radioactivity and its effect on the local ecology.
Radioactivity would be concentrated most heavily in the craters, crater lips avid ejecta, a
factor which must be taken into consideration throughout project planning and provided for
in nuclear safety operations during construction. By th.- time the canal is opened to traffic,
however, radioactivity levels would be sufficie itly low so that no special precautions would
be required for ships passing through the canal.

Residual radioactivity would have some deleterious effects on plant and animal life. The
amount of radioactivity released prob, bly would not do irreparable harm to any species as a
whole; however, a few individual plants and animals would be expected to suffer some
radiation damage.

Development of cratering technology: The assessment of nuclear excavation feasibility
in this -'eport is based on current cratering technology which has been developed jointly by
the Atomic Energy Commission .nd the Corps of Engineers. The objectives of their research
and development program have been:

- To acquire knowledge of cratering mechanisms and the ability to predict crater
dimens•i3;
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- To minimize the radioactiviiy released by thermonuclear explosives;
- To predict and control the effects of radioactivity, airblast, and ground motion on

man and the environment; and,
- To understand the engineering characteristics of nuclear craters.

In support of this joint effort, as a part of its Plowshare" program, the Atomic Energy
Commission plarned a series of experiments aimed at extending the knowledge of cratering
phenomena which had been derived from a small number -)f nuclear weapons effects tests,
nuclear cratering experiments, and from large-scale high e) plosive experiments. When the
Atlantic-Pacific Interoceanic Canal Study Commission was -stablished, the Atomic Energy
Commission reoriented its proposed experimental prograr, to emphasize those tests which
would assist investigations of sea-level canal routes, while meeting the more general
objectives of Plowshare. The nuclear cratering experid,:.- avh:',.:ch originally were intended
to provide data for this joint program are listed in Table 6-1. Tho3e experiments which have
been performed, including those accomplished before the establishment of the Canal Study
Commission, are summarized in Table 6-2. Several craters achieved by these experiments are
shown in Figure 6-5.

TABLE 6-1

EXPERIMENTS CONSIDERED NECESSARY IN 1965 TO
DETERMINE FEASIBILITY OF NUCLEAR EXCAVATION

Yield Material Type of Experiment Purpose

About 10 kt Hard rock Point charge To provide datum point
(single crater) for scaling crater parameters

and ex-plosion effects.

About 100 kt Hard rock Point charge To provide ditum point
(single crater) for scaling cra.or parameters

and explosion efhocts.
About 1 kt Hard rock Multiple point To verify concepts of row
per charge charges (row excavation in flat terrain

crater) as determined by chamical
explosives.

1 to 10 ki per Hard rock Multiple point To verify row excavation
charge charges (row design concepts through

crater) terrain with varying
elevations.

About 10 to Hard rock Multiple point To execute a practical
100 kt, per charges (row demonstration project
charge crater) which would incorporate

the knowledge gained from
the experimental program.

*The Atomic EneW Commision's prouam to develop the peaceful urns of nuclear explo.YeL
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TABLE 6-2
COMPLETED NUCLEAR CRATERING EXPERIMENTS

NaIm/ Material/
Date/ Depth of
Yield Burs Purepss Reiuts Significance

Danny Soy Busilt Determine cratering cepebili. Apparent crater radius: First nuclear craerW i1

Mar 1962 110ft tm of nuclear explodves in 107 ft. dry hard rock. Valuable

0.42 kt. hard, dry noncurbonate Apparent crater depth: informatio, obtained
medium; determine amount, 62 ft. on cratering mechanics.

distribution and decay of
radioactivity by a nuclear
explosive detonated near
optimum depth of burst
in a hard rock medium.

Sedan Doeert Extend knowledge of cratering Apperent crater radius: First Plowshare nuclear
Jul 1962 alluvium effect to the 100 kt range of We ft. cretaring detonation.
100 ft 635 ft. yields; provide daft on the Apparent crater depth:

general nature of the safety 323 ft. Nuclear ex-
problems to be encountered plusions in the region
by nuclear crataring detona- of o)ptimum depth of
tions. burst result in craters

with radii about 10-20%
smaller than equivalent-
yield chemical explosives

and with depths about the
11me.

Sulky Dry investigte the nature of the No crater; produced a Demunstrated that

Dec 1964 besaIt cratering curve at greater mound of rubble. nuclear explosive
0.085 kt 90 ft then optimum depth of effects cannot be

burst; determine distribution scaled directly from
of radioactivity; determine chemical explosions.

concentrations of certain First nuclear craterirng
radionuclides airborne at detonation under
various distances; terms of the Limited
pin crater mechanics infor- Test Ban Treaty.

motion at deeper then
optimum depth uf burst.

Palanquin Rhyolite Provide information on sbili- Apparent crater radius: Predicted rubble
Apr 1965 280 ft. ty to reduce radioactivity 119 ft. Apparent crater mound but a crer
4.3 k t. releaed to atmeephero; depth: 79 ft. In on- developed as a con-

determine the dispersion of clusive results due to aquance of stemming
radioactivity released; stemming failure. failure. Valuable infor-
produca a mound for mation relating to
further stody of quany stemming obtained.
applications.
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TABLE r62

COMPLETED NUCLEAR CRATERING EXPERIMENTS (Cont'd)

Name/ lbteteIel/
Datel Depth of
Yield Burst Purpowe Results Significance

Cabriolet Dry Provide dota on basic crater- Apparent crater radius: First in wlen of excava-
Jan 1968 layered ing effect from a nuclear 179 ft. Apparent tion experiments to
2.3 kt rhyolite explosion occurring at whet crater depth: support Atlantic-

170 ft. appears to be the best depth 116 ft. Relatively pnall Pacific Interoceanic
in hard rock; verify receltly amount of radio- Canal Study Corn-
developed computer codes activity released, minion. Scaled
and calculation techniques; dimensions larger
study distribution of radio- then Danny Boy ob-
activity, mined at a shallower

depth of burst.

Buggy Multi- Obtain basic data on row Apparent crater width: Advanced the technical
Mar 1968 layered cratering phenomenology 254 ft. Apparent crater knowledge required
50 1.1 kt basalt through level terrain in depth: 60 ft. Apparent for nuclear excava-

125 ft. a dry rock and on radio- crater length: 857 ft. tion of a s level
activity release canal. Confirned

basic c ancepts of
channel excavation
derived from high-
explosive experi-
ments at very low
yields; supported
value of theoretical
crataring calcu la-
tions in predicting
effects of nuclear
detonation in an un-
tested environment.

Schooner Layered Examination of phfscaI and Apparent crater radius: Extended hard rodck
Dec 1968 tuff chemical perameterv which 426 ft. Apparent crater nuclear cratering
31 kt 353 ft. affect colatering at low depth: 208 ft. dam collected from

intermediate yields. Cabriolet to that of a
nuclear experimrnt of
a higher yield,
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REPRESENTATIVE NUCLEAR CRATERS OF THE PLOWSHARE EXCAVATION PROGRAM

FIGURE 6-5
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REPRESENTATIVE NUCLEAR CRATERS OF THE PLOWSHARE EXCAVATIONt PROGRAM

FIGURE 6-5
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The first objective cf this program has been twofold: to understand the cratering
mechanism and to predict its results. To date, both of these goals have been met only in
part. The Atomic Energy Commission has developed a method for computing cratering
phenomena in terms of basic laws of physics. This technique was used to predict the
dimensions of the Schooner crater and the cratering characteristics of the complex basalt
flows in which the Buggy experiment was performed. Applying the knowledge thus
acquired, a better underrtanding of the Sedan experiment has been reached, including the
effects caused by the moisture content of the cratered material. Because of its complexity,
this analytical approach becomes more difficult to apply as yields increase. Calculations
have been completed at the 1-megaton level, using the measured strength characteristics of
rocks found along proposed nuclear excavated canal routes, and curves showing expected
crater dimensions have been developed for the divide rock by calctilating crater dimensions
at several depths of burst. Computer calculations tend to predict crater dimensions in canal
rock somewhat greater than tl e predicted by scaling up in yield from the nuclear craters
produced to date. Nuclear excaration designs for this study rely mainly on scaled crater
dimensions; this is considered the more conservative approach. Verification of the "lity
of these calculations can be obtained only by large-scale experiments.

Existing computer programs for cratering are two-dimensional and cannot be applied
directly to row cratering experiments such as Buggy, which would require a three-
dimensional program. The current understanding of the *nWeraction between charges in a
row needs to be refined by additional experiments. Chemical explosives are partially suituble
for this purpose. Buggy demonstrated the feasibility of nuclear row charge excavation at low
yields and established that relatively wide spacings can produce uniform channels free from
severe irregularities, even in complex geologic formations. Still to be investigated with
nuclear explosives are the concepts of row c-:ter enhancement and techniques for
connecting one row crater to another smoothly.

Verification is needed of the predictions underlying the nuclear excavation designs
incorporated into this study. Such verification can be obtained only by large-scale tests in
.appropriate media. Cratering e oeriments considered necessary to verify current cratering
theory are outlined in Table 6-3.

The second objective of the joint experimental program called for a reduction in the
radioactivity released by nucleer excavation detonations. Co.isiderable progress has been
made tOward achiesing this objective through improved dtsign of thermonuclear explosives
to decrease fision products, special emplacement techniques and extensive neutron
shielding.* Figure 6-6 indicates the degree of success achieved to date. Further substantial
improvement is expected, which should result in a sipmificant reduction in the size of
exclusion areas shown in this study and in the number of people who would require
evacuation.

*Neutron absorbing material is placed around the explosive to reduce the number of neutros which might interact with

the n!u roundlng materia to produce radioactive diotoPe:.
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TABLE 6-3

ADDITIONAL EXPERIMENTS NOW CONSIDERED NECESSARY TO ESTABLISH'
FEASIBILITY OF NUCLEAR EXCAVATION FOR A SEA-LEVEL CANAL

Yield Type of Experiment Pii'pose

1 mt Point charge (single To verify the predicted cratering behavior of
crater) saturated rocks; to obtain data on crater dim-

ensions and explosion effects at yields com-parable to those required for canal excavation.

5 to 7 charges Multiple point charges To vwify concepts of the enhancement of row
@ 100 kt (row crater) crater dimensions.

5 to 7 charges Multiple point charges To verify techniques of connecting row
@ 100 kt (row crater) excavations smoothly.

• to 7 charges Muitiple point charges To demonstrate the techniques of nuclear ex-
@ 100l kt to 1 mt (row crater) cavation in a practical project away from the

Nevada Test Site.

The third objective entailed predicting inte-nsities and ranges of other effects-airblast
and ground motion-caused by nuclear explosions. Each experiment supporting this study
has provided an opportunity to examine mechanisms by which these effects are generated
and propagated and to estimate I-ow people, animals, and structires would respond to them.
Results obtained have led to improvements in predicting intensitith at which these effects
may become hazardous. Recent tests have shown thkt under certain meteorological
conditions, airblast effects would have a greater range than previously expected. Conversely,
the predicted extent of objectionable ground motion effects has been reduced moderately.
These phenomena require evaluation under prototype conditions before they can be
defined precisely. Until such time, predictions must continue to be based in highi.,
conservative assumptions which are reflected in the estimated costs for the planr,-.d nuclear
safety program included in this study.

The fourth objective was to increase knowledge of the engineering characteristics of
nuclear craters ia terms of their long-range stability, not only as it relates to maintaining a
navigation channel, but as it affects such structures as tidal gates and drop inlets. The
stability of nuclear crater slopes has been demonstrated in desert alluvium and in a variety
of rocks by experiments of up to 100 kilotons in yield. Possible stability problems of larger
craters are discussed in the next section. Post-detonation investigation of the lips and
fallback of craters has provided valuable information on techniques for constn'ct'-,g
facilities in and around nuclear excavations.
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The ability to plan use of craters for navigation purposes depends on correct predictions
of crater size and shape. Most craters have exhibited the general hyperbolic shape* on which
the conceptual canal designs in this study have been based. The Technical Associates have
suggested, however, that at substantially greater explosive yields than have been detonated
to date, a phet.%nmeron called air liq,,efaction might affect the crater formation process.
This phenome n, n has been observed occasionally in large naturally-occurring slides of
broken ;.,ck whare the permeability of the mass was sufficiently low to entrap air which
supported the sfidhig material, causing it to flow as a liquid.t If this were to occur in a large
nuclear excavation, the crater shape might be altered to icave a flat, shallow excavation
whose depth might be insufPcient for a navigable channel. A megaton-range experiment is
required to determine whether the typical hyperbolic crater cross section would be
preserved at high yields and whether modifications would need to be made in detonation
plans to ,ccount for this. Such an experment also would produce slopes with heights very
close to those needed for a nuclear excvated canal and should, therefore, demonstrate the
degree of their stability.

Status of nuclear excavation technology The potential economic advantage of nuclear
explosives for large-scale excavation projects is substantial. They should make possible the
excavation of cuts of unprecedented size. Although the technology is based on what appears
to be sound theory, this theory has been demonstrated by only a Iinited number of
experiments at yield levels much smaller than would be needed for canal construction. The
state-ot-the-art allows predictions of results to be expected from excavation under
conditions and at yields diffT'rent from experience. !wever, these predictions do not carry
the degree of confidence which must exis, in an engineering feasibility study on which
nationally significant decisions are to be t'ased The attainment of such confidence awaits
the execution of at iiast those experiments outlined in Table 6-3. Under present constraints,
it appears that accomplishment of this experimental program may take as long as 10 years.

The Soviet Union also has shown considerable interest in the use of nuclear explosives
for peaceful construction purposes. Information on the full e:%tent ot the Russian
experimental program is not yet in the public domain. However, the Soviet Union has held
discussions on this subject with the United States and has released a series of technical
papers which confirm that a vigorous program of research and experiment is underway. In
general, the experience reported by the Soviets seems to confirm knowledge gained from the
United States Plowshare program.

Of particular interest to this study is a well-formulated Russian proposal to employ a
combination of nuclear and conventional excavation techniques in constructing the
proposed Pechora-Volga Canal.24 This project would divert the northward-flowing wa. 'rs of
the Pechora River to flow down the Volga tr. offset the lowering of the Caspian Sea. The
Pechora-Volga Canal would be 70 miles long, 40 miles of which would be excavated by 250
nuclear explosives. Up to 20 explosives, with a maximum aggregate yield of 3 megatons,
would be detonated himultaneoLasly. This and other similar Soviet projects indicate that the
Russians are moving ahead rapidly to develop and apply nuclear excavation technolhgy.

*Schoow wu an excetion. Sae Figea 6-S.

tThe hish velodty of &A kadis~les c&wd by the P!uvan ethquak- .-i may 1970 strily waneet tast air Ulquefaction

W" iuavoe.
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Excavation in the Panama Canal was first tried on very Model of 250,000 dwt ship undergoing tests to determine
steep sdopes. The weak materials of the =ra would not its handling, characteristics in confined waters. Since there
stand on these dlopes, resulting in slides such as the one was oqnly limited information available on this subject the
shown in the lower center of this picture. Commission was forced to research the question.

One of the slides that clo,.zd the canal in 1915 is shown High compression tests such as this provided infomiatmion
here. Slides were caured by too ste an excavationl in on the slope stoi~lity of materials found on the routes
weak clay shale materials, studied.

The Comnmissio, i's st',dies considered some factors about which little was known. The slope stability of clay shtle materials
and the h~andling of argje shkps in restricted chrtnnels were two noaw in whlich the Commission sponsored specal studies to
obtain information nei~ed for their report.
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CHAPTER 7

SLOPE STABILITY

The cross section of a canal must be designed not uo'ly to meet navigational criteria but
to minimize the likelihood of slope failures large enotugh to impede traffic. For estimating
purposes slope criteria must be selected so as te be ',oth conservative and economically
attainable. This iL a matter of engineering judgment Factors bearing on the exercise of that
judgment are discussed in this chapter.

Excavated slope experience: The general slope design criteria used in preparing
estimates of excavation quantities for this study have been extrapolated from data
contained in previous studies 22,23 and vi experience gained in the construction and
operation of open-pit mines, qua-Tik, road cuts. dam structures, and particularly the
Panama Canal. Excavations, as deep as 2,280 feet and having various slope angles, were
studied. They provided a guide to the slopes required along the proposed conventionally-
excavated canal routes, which would attain a maximum height of about 600 feet. There is
only limited applicable experience, however, because no previous project has ever faced the
combined problems of slope height, soft rock, and tropical weathering conditions existing at
the canal routes under consideration here.

Probably the best basis for stability predictions is found in the history cf the Panama
Canal. Surficial slides oc..urred there from i 884 to 1889 during construction by the first
French company.' The second French company dii little excavation in areas where weak
materials had been encountered; consequently, the old slides were relatively inactive during
the next 15 years. When the United States renewed canal excavation in 1905 . surficial, or
"rnudflow" slides recurred. In 1907, when the depth of excavation exceeded 100 feet,
massive slides began in the Gaillard Cut (Figure 7-1). Between 1908 and 1912 sliding
continued and grew through progressive slumping, causing slopes to be cut back much
flatter than the originally planned three vertical on two horizontal. More slides occurred
between 1913 and 1916 when excavation was being completed through the divide. Water
was admitted to the cut in October 1913, and in August 1914 the canal was opened to
traffic, but landslides contirnued until gross movements of the East Culebra and West
Culebra Slides eventually clos,! the canal fiom September 1915 to Aprih 1916. Subsequent
movements of the East Culebra "lide occurred, leading to other brief closings in 1917 and
1931; still another closure was caused in 1920 by movement of the Cucaracha Slide which
first developed in 1913 south of the East Culebra Slide. 2 Since then, although the old slides
have continued to show activity and new slides have developed, the canal has not been
closed. The most recent significant movement occurred at Hodges Hill in 1968, immediately
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north of the West Culebra Slide. This movement now appears to have been arrested by
improved surface and subsurface drainage.

Criteria for excavated slopes were developed for the Third Locks Project in 1939,26

based on empirical data accumulated during construction of the Panama Canal. These
criteria were modified during work on the project and again during the Isthmian Canal
Studies of 1945-1947. The modified criteria were based partly on empirical data and partly
on newly-learned principles of slope stability analysis. These modifications called for flatter
slopes in the Cucaracha formation.

Between 1947 and the start of the present study in 1965, knowledge of slope stability
was increased by experience gained in widening the Gaillard Cut and from the design and
construction of earth embankments and dam excavations in the United States and Canada.
Of particular interest were those projects involving clay shales, for it is in this type of material
that the most significant slides on the Panama Canal have occurred. Thus, out of the
problems of the canal, there has emerged better understandings of the loss of strength in
excavated slopes resulting from unloading during excavation and of the progressive
weakening of the slopes with time."'

The objective of the present study, as it pertains to slope stability along the proposed
routes, has been to develop criteria for excavated slopes that would lead to excavation and
cost estimates suitable for determining the feasibility of constructing a sea-level canal. To
accomplish this, it was necessary to:

- Determine general geologic structures;
- Identify the types of materials, and their distribution;
- Determine the engineering properties of the materials, and their changes with time;

and,
- Analyze experience gained from construction and operation of the Panama Canal in

the light of current knowledge.
Investigations* made to attain these objectives have included:
- Surface geological reconnaissance;
- Drilling to obtain subsurface information and to recover disturbed and undisturbed

samples for testing;
- A limited number of geophysical tests and paleontological analyses to aid in

correlating strata;
- Laboratory testing to identify and determine the engineering properties of rock and

soil materials;
- A review of slope stability experience in constructing and operating the Panama

Canal; t and,
- Studies of steep slopes in other parts of the world.

Oinvutiptions for Routes 5, 8 and 23 were lilted to reviews of hIformation developed in previous studies, suppored by
a brief reconnlsuance of eadi route.

tIMs has included limited field instzunentation In the Gaillard Cut and re-analyds of dopes that have faied. The -
studied woe the East Culebra Slide, the West Culebra Slide, and the adjacant Model Slope. Studies of clay diale dopes in
the United States and Canada also have been undertaken.
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These objectives have been met to a degree that confirns the feasibility of excavating a
sea-level canal by conventional means.

On the basis of laboratory tests and visual identification, materials encountered along
the various routes have been placed in five general categories, corresponding with those used
in previous studies:

- High quality rock (strong unaltemd volcanic rock: basalts, agglomerates and tuffs);
- Intermediate quality rock (strong sedimentary limestones and sandstones and some

slightly altered volcanic rocks);
- Low quality rock (silty and sandy claystones and altered tuffs);
- Soft rock (clay shales and soft altered volcanic rocks); and,
- Unconsolidated sediments (soft soils including Atlantic and Pacific mucks).

The distribution of the various materials was determined by correlating boring data and
geologic mapping iz;hormation. Drilling programs supplementing previous studies of Routes
10 and 14 aided in identifying materials along these alinements. Even with this additional
information, correlation proved difficult because of the extensive faulting, volcanic activity,
and alteration that have occurred in these areas. Analysis of slope stability along these
routes was complicated by the presence of soft altered volcanic rocks and clay shales.

!n additic,, to the usual effects of adverse geologic structure, the Panama Canal slides
are attributable largely to the presence of clay shales. Consequently, special attention was
given to investigating the nature of clay shales." Comprehensive tests to identify and index
clay shale properties were performed. These tests permitted correlation of materials found
on the proposed routes with those existing on the Panama Canal and other projects. This, in
turn, allowed the extrapolation of previous construction experience to ihe routes under
consideration. Current testing methods show that very flat slopes would be required for
long-term stability in clay shale. However, it is not yet possible in all cases to distinguish the
geologic conditions under which these flat slopes would be required and those under which
steeper slopes might stand safely throughout the project's life.

Recent field investigations on the present canal disclosed one significant feature that
was not recognized previously: negative pore water pressure still exists in the clay shale
masses of the East and West Culebra Slide areas. This condition suggests that the material
may not have become fully stabilized since its loading was reduced by excavation, and that
continuing movement may be expected until pore water pressures reach stable levels. For
this reason, and because of jointing and faulting defects, prevalent in the formations under
consideration, conservative criteria were adopted for slopes in clay shales. Additional study
of slopes in the Gaillard Cut is required to improve current assessments of their long-term
stability.

An empirical study of high clay shale slopes in the Missouri River Valley also was
conducted as a part of the investigations of the feasibility of nuclear cratering.2 The
investigative procedures employed, including surface mapping, drilling, sampling, and testing,
were coordinated with procedures used in investigating the canal routes. Although
conducted primarily to provide a basis for assessing the stability of high slopes created by
nuclear cratering in clay shale, this work contributed data which have proved useful in
evaluating conventionally excavated slopes. 25,23.2s
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Conventional excavation slope criteria: The slope criteria used in this study were
recommended by the Technical Associates on Geology, Slope Stability, and Foundations.
Cross sections used for feasibility determination and cost estimating purposes are shov I in
Figures 7-2 and 7-3. Except for soft rock, these criteria are identical to those recommendd
by the 1947 report." For slopes in soft rocks, previous criteria have been modified, as
shown in Figure 7-3, for those routes which are located so close to the present canal that
they involve relatively high risks of slides that might interfere with the Panama Canal.

On routes remote from the existing canal, an appropriate and economical method of
providing stable slopes in soft rock :right be to flatten'slopes progressively, utilizing an
observational approach." Howcver, slopes on Route 14 must be excavated initially with a
sufficient margin of safety to ensure a high probability of no interruptions to traffic from
slides into the Panama Canal, or loss of Panama Canal water from slides into the new cut.

Nuclear excavated slopes: Nuclear excavation produces an apparent crater which is
approximately hyperbolic in cross section and is bounded by fragmented material
comprising the fallback zone. This material is deposited within the true crater at an angle
somewhat flatter than its ritural angle of repose. In the rupture zone the original geologiL
structure is disrupted, the medium permanently displaced, and many new fractures created.
An explosively excavated cut is a very complex structure and crater slope stability
predictions must be made indirectly or emnpirically by comparison with simila man-made
and natural slopes and by observation of existing craters.30'31

Except in soft materials, the fallback and rupture zones of explosive cuts are
significantly more permeable than the surrounding undisturbed material and their
resistance to groundwater flow is substantially less than that of mechanically excavated
slopes. Therefore, cratered slopes in hard rock tend initially to be free draining, a condition
which reduces their susceptibility to the adverse effects of seepage pressures.

Crater slopes possess a number of features which are generally desirable in terms of
stability

- The slopes are buttressed by deposits of broken material which have significant
margins of safety against deep-seated sliding;

- Many pre-existing major planes of weakness have been disrupted; and,
- The materials within and behind the slopes should be initially free draining and

might remain so for the life of the canal.

Studies of craters produceci to date suggest that explosive excavations in haid rock will
remain stable over the life of most excavation projects. However, all existing nuclear craters
in rock are in a desert environment and none is deeper than 250 feet.t In contrast, the
slopes of an Isthmian sea-level canal would be exposed to a tropical environment and their

Mfl observational approach would be applied by desglning the steepest dopes that could be devekWed in accordance with
the knowledge available at that time. The stbility of the dopes would be observed closely during construction. The
results of earlier excavation would be used a a guide to the deign and construction of the remainder of the excavated
dopes. This was the approach used in constructing the Panama Canal. The objective of this approach would be to reduce
the excavation volumes from those thown In this report.

tTotad depth from top of lip to bottom of apparent crater for Schooner. See Table 6-2.
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FIGURE 7-3

maximum excavation might be as deep as 1,900 feet, i.e., a 1,200-foot apparent crater depth
plus a lip height of 700 feet. Because, of these differences, extrapolation of cratering
experience to the analysis of slope stability for a nuclear excavated canal is tenuous and
uncertain. Significant differences between experience to date and potential canal excavation
requirements are:

- Heights of slopes for the canal would be more than five times as great as those in
the largest existing nuclear crater;

- Weathering of crater slope materials un the isthmian tropical environmen~t would "•e
much more severe and rapid than at the Nevada Test Site; and,

- Groundwater is abundant and generally close to the surface in the Isthmus, whereas
in Nevada it is well below the existing craters.

There are indications that with increasing explosive yields, fallbackc would be denser
than~ that observed to date. As yields increase, failback impacts from greater heights and acts
more effectively as a buttressing agent. Or, the other hand, this denser material may have
reduced permeability which could inhibit groundwater flow and increase seepage pressures.
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As discussed previously, it has been suggested that, with increasing yields, air
liquefaction of the fallback might otcur. This would tend to produce flatter and broader
craters than those predicted for this study. The effect of this phenomenon on slope stability
could be favorable, in that initially flatter slopes would be more stable; or it could be
unfavorable because of reduced buttressing of the rupture zone.

Natural rubble slopes were examined"2 to determine indications of expected long-term
crater slope performance. Talus deposits* were found to be the natural rubble materials
most closely resemblin~g crater fallback; however, crater slopes with more homogenous
mixtures of fragment sizes, are expected to have flatter inclinations and greater initial
stability than talus slopes. Long-term adjustments of crater slopes might be experienced as a
result of settlement, surficial erosion, and downward migration of fine grained naterials.
Data on talus deposits in tropical regions are limited.

Geological samples from Routes 17 and 25 were subected to slaking tests to ascertain
their susceptibility to weathering.-" Many of them slaked, indicating that weathering of
fallback wou.1d occur; however, the rate at which weathering would take place cannot be
predicted. Crater slope adjustments are expected to occur as a series of gradual ravelling or
surficial adjustments rather than through deep-seated slides. This, coupled with the excess
channel depths produced by nuclear excavation, tuggests that weathering of fallback slopes
would not constitute a serious problem.

The influence of groundwater on crater slope stability can be evaluated only
qualitatively at this time. The increased permeability of the fallback and rupture zones tends
to minimize the likelihood of excessive hydrostatic pressures in the crater slopes; however,
there are no experimental data on which to base ei .lmates of the rates of groundwater flow
through either the fallback or rupture zone. Cr-'-.-ring experiments in saturated, permeable
rocks are needed to obtain the data necessary for quantitative analysis of groundwater
inflow to cratcr slopes.

Over a long period of time clay shale slopes tend to reach the angle of residual internal
friction of the clay shale, which may be as low as 6 to 10 degrees. Excavations in this
material would require flatter slope:- than would be produced by normal cratering
techniques. Small-scale experiments with chemical explosives suggest that explosive
excavation by multiple-row arrays could produce flat-sided cuts, but the outlook is poor for
approaching 6 to 10 degree slopes in deep cuts with nuclear explosives. Therefore, in this
study it was assumed that all clay shale materials would be excavated by conventional
means.

Appraisals were made of stability of nuclear excavated slopes along Routes 17 and
25.1' These appraisals were based on data acquired at the sites and on predictions of
expected slope height and cratering characteristics. Each rcute was subdivided into segments
having similar properties, and the slope stability of each segment was estimated. These
appraisals identified intervals of soft rock along each route vhere significant slope
adjustments might occui during the life of the canal. Special attention must be given to
these areas during the pre-construction investigation and design phases of canal construction.

Not enoug1- data are available to justify any confidence in estimates of slope stability
along Routes 8 and 23.

*A doping pile e( rock frapents at the root of a cliff.
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CHAPTER 8

CHANNEL DESIGN AND TRANSIT CAPACITIES

General criteria for channels were derived from traffic projections developed in Annex
IV, Study of Interoctanic and Intercoastal Shipping."4 They were accepted by the
Commission as a basis for conceptual design. In essence, these criteria established the
following requirements:

- Ship size: The canal must be capable of transithig ships up to 150,000 dwt*
routinely under all conditions, and occasional ships up to 250,000 dwt without
major expenditures for additional construction. Underwater structures built during
initial construction must be adequate for 250,000-dwt ships.t

- Transiting requirements: Initially, che canal must be capable of transiting
approximately 35,000 ships per yeaxr. Expansion must be possible to accommodate
60,000 annual transits by the year 2040, and an ultimate traffic volume of about
100,000 annual transits.

Customarily, channel widths are designed in accordance with empirically-derived
criteria expressed in terms of the maximum beam of transiting ships and the desired traffic
patterns. Under these criteria, channel bottom widths vary between about 3 beams for a
canal carrying one-way traffic to 7.6 beams for 2 lanes of traffic traveling simultaneously in
opposite directions." Camnnel depths often are designed at I 10 percent of maximum ship
draft.

As will be discussed later, recent studies show that a sea-level canal should be 550 feet
wide with a parabolic bottom 75 feet deep at its edges and 85 feet deep along its centerline
in order to meet the Commissions's criteria on ship size. (See Figure 8-1.) This single-lane
channel is referred to as the "design channel." Based on current projections of shipping for
the year 2000, a canal having these dimensions would be large enough to pass about 95
percent of the world tanker fleet, an even greater portion of the bulk carriers, and all

ODeadwai t tons (dwt). The demdwe•ht toomp of a ddp is Its "~y loaded capadty in ioq tons (2,240 pounds), Ibdud-
Iq maoa, itd, sad stom., but wt icludig dke weigt of tde ddp Itsref.

tAppboxmate dhwaaions for 150.000- and 250,000-dwt sips me:
D.adwht tons LeAgth DOM Dnft-(d") 00t M)__ M..)

150,000 970 148 55
250.000 1110 175 67

The 150,000dwt sW with dAwasiom as ,on has ben desisted the "daeds d*p."
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The design channel at mean tide, showing a 150,000 dwt ship. Channel side slopes
vary, depending on the slope stability criteria. At extreme low low tide, the water
level at the Pacific entrance of a canal could be 10 feet lower.

FIGURE 8-1

freighters.3" The approximate size distribution* of ships expected to use an isthmian
sea-level canal at that time is shown below:

Ship Size Group Percentage of Ships
I wUsing Canal in the Year 2000in each Size Group

0- 10 28 -

10- 25 53
25- 50 I1
50-100 6

100-150 1
.50-250 10I

100

A suitable channel excavated by nuclear means would have a width of at least 1,000
icet at a depth of 75 feet, and a hyperbolic cross section considerably deeper at mid-channel
than a conventionally excavated section of equal width. Such a channel would impose fewer
restrictions on navigation than the design channel. For that reason, unless otherwise
indicated, the following discussion relates to the conventionally excavated design channel,
through which ships would move in convoy.

A rectangular 1400- by 85-foot channel has been selected for the canal's ocean
approaches. These dimensions would permit large ships to pass one another at reasonable
speeds, would give added maneuver room in open waters, and would be relatively
inexpensive to excavate. A small portion of the initial construction cost might be deferred
by constructing the approaches to a 1,000-foot width which should be adequate during the
early years of sea-level canal service.

*Ths disilbution was developed from data pesenated in Annex IV, Study of iteroedmu end Intmemtal Shipfpg. using
the assumption that 46 peecent of the cazv pealsn thr~l! the anal would b* caried in felmhjten.
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Maximum transit capacity could be obtained in a canal wide enough throughout its
entire length to accommodate two opposing lanes of traffic; however, the costs of
constructing this configuration by conventional means appear prohibitive and the canal's
transiting capacity would far exceed foreseeable demands. Two smaller, less costly
configurations have been foure4 satisfactory for most of the routes considered; these are the
single-lane canal (the one-way configuration) and the single-lane canal with two separated
one-way passing sections (the bypass configuration). Both configuratione include two-lane
ocean approach sections which later could be extended inland from either ocean to increase
capacity by shortening the one-way sections. The choice of configuration depends upon the
capacity desired, the route's length, the topography and geology, and the current velocities
considered acceptable.

Ship maneuverability in confined waters: To ensure positive steering at slow speeds, a
ship's propeller must maintain an adequate flow of water past the rudder. Generally, ships
smaller than 50,000 dwt under their own power must proceed at speeds of at least 4 knots
while larger vessels must maintain at least 5 knots.

A ship moving through confined waters encounters greater hull resistance than one
operating in unconfined waters. In the design channel a combination of this phenomenon
with the loss of propuisive efficiency which occurs in confined waters would reouce the
maximum attainable speed of a 150,000-dwt ship, capable of 16 knots on the ope:i sea, by
almost 6 knots; and the speed of a 250,000-dwt ship of similar capability by 8 knots.
Smaller ships would be less affected. (See Figure 8-2.)

if a vessel shorter than the canal width were to run aground, it could swing pa-allel to
the bank and avoid blocking traffic. However, most ships would be longer than the width of
the canal and might come to rest across the canal after grounding, blocking it completely.
To minimize the likelihood of such an occurrence, ships longer than the canal's width*
would be accompanied by one or more tugs.

Tug assistance also would be needed to stop heavier vessels in an emergency because
water resistance alone would not be sufficient and the application of reverse power in
narrow channels is hazardous. When reverse power is applied, flow past the rudder is greatly
reduced and the pilot loses much of his ability to steer the ship. In addition, almost all ships,
including the large tankers and bulkers which are the most difficult to stop in a canal, have
only a single screw. Application of rc',rse power to such a ship causes its stern to move
laterally. A tug astern could be used to oppose this lateral force, permitting a part of the
ship's reverse power to be used in stopping.

Stern anchors have been considered as a source of stopping force. They are effective at
land speeds of two knots or less; at greater speeds, either the anchor will drag, or its chain
will run out completely an-; be lost overboard. In view of the limitations of this stopping
technique and because some ships do not have stern anchors, stopping distances used in this
study depend on the use u.' iugs not on anchors.

*The canal width would be measured at the depth or the ship's keel since the doping banks of the canal wcould allow a
pester effective width for a shallow dmt ship dthan for s deep draft oe.

t1tem amhouj might be employed effec.ývly when the ship's land speed has been reduced to 2 knots and the windlass
beae am exert a meaurd pull ae an chain as it pays out. They might be made a requirement for passage of
Imp ships, or couM be provided on the WS which orimally would ride astern a the ship it accompanies.
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Tugs also would be used to hold back large ships in following currents. Without
increasing land speed, this would permit more propeller revolutions, increasing flow past the
rudder and improving the ship's steering.

Tugs used in a sea-level canal should be highiy maneuverable and able to exert full
thrust in all directions. Such tugs (See Figure 8-3.) might emnaploy a steerable right angle
drive with a fixed shroud around the propeller ifo increase thrust (a Kort nozzle). Small tugs
of this type are now in use and the development of larger tugs to be employed in the can&i
should not require a significant development effort. To ens. Zre that adequate tugs would be
available when a sea-level canal is opened to traffic, their dAsign and construction should be
undertaken at an early date. Prototypes could be tested in the Panama Canal and further
improvements made before the required tug fleet is procured.

Tidal currents: The transiting capacity of a canal depends on the ships' speed relative to
the land. This speed is directly dependent on the speed which the ships can safely attain in
the canal and on the velocity of canal currents.
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Because an isthmian sea-level canal would form an open waterway connecting the
Atlantic and Pacific Oceans, any difference between the levels of these two bodies would
induce currents in the canal. Measurements made over an extended period in the vicinity of
the Panama Canal show that the average level of the Pacific is above that of the Atlantic 55
percent of the time, and that mean sea level (msl) at the Pacific terminus is approximately
0.75 feet higher than that on the Atlantic." Tides along the Atlantic Coast of the
Panamanian Isthmus range up to 1.3 feet above and below msl, while on the Pacific Coast
they vary between about 5 feet above and below msl to about 10 feet above and below
rnl.* These tides would generate periodically reversing currents through a sea-level canal,
with a net flow from the Pacific to the Atlantic caused in part by the average higher level of
the Pacific Ocean. (A freely floating object would take about two and one-half days to
transit an open sea-level canal at the location of the Panama Canal.)

Figure 8-4 shows tidal stages recorded during a typical week at the entrance of the
Panama Canal.

Currents in a sea-level caval, like the tides, would be cyclic with a 12.4-hour period. At
all points along the canal, they would change direction approximately every 6.2 hours, with
their velocities depending on the height and phasing of the tides, the size and variation of
the cross section, the length of the channel, and the roughness of the canal banks and
bottom. Figure 8-5(a) shows the 24-hour trace of an extreme Pacific Ocean tide. Figure
8-5(b) shows the variations in currents which this tide would camue in a 36-mile-long canal
along Route 10 with the dt~sign channel section. The dashed diagonal line AB in the figures
shows the progress and the speed in the water of a ship transiting this canal at a constant
land speed of 7 knots.

Channel design: The design of a sea-level canal must consider:

- Speed of the ship through the water. This varies with the power applied to the
propeller and governs safe navigating conditions.

- Speed of the ship by land. This is the algebraic sum of the ship's speed through the
water and the tidal current. It governs transiting capacity.

In the opinion of Panama Canal Company pilots, a 7-knot land speedt would be
reasonable for all ships using a sea-level canal with tugs used where appropriate. A faster
land speed might be satisfactory with adequate safcety precautions. Seven-knot land speed is
compatible with speeds maintained in other major confined waterways. A ship with a 7-knot
land -peed would travel at 7 knots in slack water, 11 knots by water against a 4-knot head
current, but only 3 knots by water in a 4-knot following current. t
"Greater tidal inps occur 3 or 6 times each year. The maximum recorded tidal ranne at the Pacific entrance of the

Panama Canal is 21.7 feet.

t Land speeds of 6 to 8 knots were prescribed in the Gaiflard Cut when it was 300 teet wide. The ia&rer shW- were nquired
to travel at lower speeds. Considerations other than ship safety restricted the speed of suall ships to 8 kr .' in tht narrow
cut. The cut has since been widened to 500 feet.

UAlthouph the Panama Canal is usually considered to be without curnmt, autles up to 1.5 knots occurred in the
300-foot-wIde Gaillard Cut when the culverts were opened to fll the Pedro MIVWe licks. Since the cut was widened to
500 feet, the suINCs have been reduced. Tid a cause currenta of up to 2 knots in the Ptcifk approach.
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Friction losses and diminikhed propulsive efficiency would limit the maximum speed by
water attainable by a typical 1 50,000-dwt ship it: the design channel to about 11 knots.
Thus, if a land speed of 7 knots is to be maintained, tht. maxinum allowable head currents
cannot exceed 4 knots. Similarly, if unassisted large ships are to maintain steerage and, at
the same time, not exceed 7 knots by land, the maximum allowable following current would
be 2 knots; with tug assistance, following currcnts of 4 knots or more would be acceptable,
Therefore, the channel has been designed to permit ship speeds by land of 7 knots, with a
maximum allowable head current of 4 knots. Such a channel could accommodate ships
traveling at 7-knot land speed in 4-knot following currents, if assisted by one tug.

Selection (ef the design channel cross seý,tion was based on an extensive search of
pertinent technical literature, mathematical and hydraulic model studies performed for the
Commission by the Stevens Institute of Technology and the NavJ Ship Research and
Development Center, and analyses of traffic experience in the 300-foot-wide portion of the
Gaillard Cut of the Panama Canal.* Panama Canal data were t-f partitcular importance
because they reflect implicitly such factors as pilot capability, accident -rxn.ien :e, and the
effects of banks similar to those of a sea-level canal, thereby providing means for correlating
predictions with operating experience. The results of these investigations are summazized in
the design curves of Figure 8-6t which show channel depth and width as functions of ship
size and safe operating speed in water.

Figure 8-6 can be used to estimate:

- Channel dimensions required to enable ships of the maximum sizes specified by the
Commission to maintain a particular speed in water safely; and

- Safe speeds in water for these ships through a range of channel dimensions.

Selection of the design channel was based on the relationships shown in Figure 8-6. The
75-foot channel edge depth would provide clearance below the bottom of a 250,000-dwt
ship, should it approach the edge of the channel for any reason during most tide levels.
Deepening the center of the channel by 10 feet would provide ample clearance below the
keel while the ship is on its usual centerline position. The design width is 550 feet. The
resulting 550- by 75/85-foot channel would permit a 150,000-dwt ship to make 7 knots by
the land against 4-knot currents. A 250,000-dwt ship could travel safely only at speeds up to
9 knots in the water, restricting transit of such ships to periods of favorable currents.
Calculated safe speeds in water for various size ships moving through the design channel are
shown in Table 8-1.

The bottoms of navigation channels in tidal regimens usully are made parallel to the
water surface at low tide. Application of this practice to an isthxw:ian sea-level canal would
result in a bottom elevation about 10 feet lower at the Pacific end th-ir at the Atlantic end
because of the greater range of Pacific tides. Since the sloping bottom would lead to

*A 60,000.dwt A in the 300.oot-we rea2 or f Goilaid Cut provided, in effect, an approximate hydrauiic model of

a 2S0,00dwt dhipn dots dealp channel

tThe "oldarem*$so an FIgure 84 have not veon vieufad by fbjll.ecal tots.

•The pAMbolc bottom wed in conceptul desiS and cost estknates pfeanted In this report !ftvo Wroximstely 7
percent le excavation dtu a tfb-bottomed channel 85 feet deep.
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stronger tidal currents and more excavation, it was not adopted for this study. Instead, a
bottom centerline 85 feet below and parallel to mean sea level was adopted. The water
depth at the Pacific terminus would fall periodically below 85 feet, precluding safe transit of
the largest ships at all times. Such conditions would last for a small portion of a tidal cycle
and would affect less &.tin one percent of all transiting ships. The effects of this limitation
could be all but eliminatt.-d through careful scheduling of ship transits through the canal.
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TABLE 8-1

ESTIMATED SAFE SPEEDS OF LARGE SHIPS
TRAVELING UNASSISTED IN THE DESIGN CHANNEL

Approximate Percant Minimum
of Shps Larger Then Safe Speed Maximum Safe Speed

Ship Size Indicated Size Using the In the Water in the Water
(dwt) Canal in Year 2000 (Knots) (Knots)

50,000 8 4 More than II

100,000 2 5 More thao 11

150,000 1 5 11

200,000 0.2 5 10

250,000 Less than 0.1 5 9

Mitigation of the effects of currents: Current velocities place three requirements on ship
navigation. Every vessel must be able to:

- Maintain controllability in both head and following currents;

- Maintain the required land speed in the strongest head currents; and,

- Stop sately in the strongest currents.

If only a few ships were unable to meet these requirements, these ships could be scheduled
to avoid strong currents; however, if substantial numbers were affected by these conditions,
other measures would have to be taken, such as reducing current velocities to an acceptaLle
level, or increasing ship controllability by employing tugs or other external means.

Earlier investigations and those made for this study indicate that large ships could be
navigated safely through, the design channel in currents up tn 4 knots. Conclusive evidence
to support this is lacking and accordinqly, methods for reducing current velocities have been
sought. Possibiiitie-i include constructing retarding basins at the canal ends, increasing the
channel length, widening the reach in which high velocities would occur, increasing the
hydraulic roughness of the channel, installing locks, and employing tidal check gates. The
most promising solution to this problem appears to lie in the use of tidal gates which woul$
prevent unacceptably strong currents by limiting the length of canal open to Pacific Ocean
tidal action. The gates could remain open during tidal cycles producing relatively low
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currents. Some possible gate configurations are illustrated in Figure 8-7. Until such time as
prototype experience verifies that large ships can operate safely in stronger currents, tidal
checks would be used to ensure acceptable conditions. This could be done at relatively
moderate cost.

Figures 8-8 and 8-9 illustrate how tidal checks would be incorporated into the two basic
canal layouts evolved :'or this study, i.e., the one-way configuration and the bypass
configuration. For each configuration, tidal checks would be provided in at least two
locations. The distance from the gate on the Atlantic side to the Pacific entrance would
determine maximum velocity at the Pacific entrance; the closer the Atlantic side gate to the
Pacific, the lower the velocity.-* For the design channel on Route 10, for example, the gate
on the Atlantic side should be situated no more than 28 miles from the Pacific entrance in
order to limit currents to two knots t This gate has been planned for installation only 25
miles from the Pacific so as to permit the last ship in a convoy to clear the channel while the
first ship in the next convoy in the opposite direction approaches the gate as it opens on the
tidal cycle. A second gate would be placed as close to the Pacific end as practicable *o allow
the longest possible convoys.

On short sea-level canal routes such as Route 10, currents without tidal checks would
be appreciable for a large part of the time, and if navigation were not possible in currents
stronger than two knots, transit capacity would approach zero. Tidal checks would be
required to achieve the design transit capacity under these circumstances.

Because of their great size and weight, the tidal checks could not be shifted to an open
position except when the water levels on both sides of the gate were approximately the
same. This condition would occur regularly every 6.2 hours when the Pacific is at the same
elevation as the Atlantic. The gates would therefore be shifted at intervals of multiples of
6.2 hours as indicated on Figures 8-8 and 8-9.

Figure 8-10 shows the currents in a one-way canal configuration on Route 10 with tidal
checks 25 miles apart. The effect of tidal checks can be seen by comparing the currents in
this figure with those shown in Figure 8-4. If a 3-knot limitation were placed on currents in
a one-way canal on Route 10, the gates could be situated at both ends of the canal, about
34 miles apart.

The need to operate the tidal checks at set intervals would require strict navigation rules
and convoys of limited length. From an operational standpoint, therefore, it would be
desirable to avoid using tidal checks during tidal cycles when current velocities would be
acceptably low without them. Although tidal checks are included in canal designs to ensure
that current velocities do not exceed 2 knots, navigation in stronger currents would be
advantageous.t If experience shows that most ships can navigate safely in 4-knot currents,
tidal check operation might be suspended. Smaller, more maneuverable ships would transit

*The velocities at the Atlantf-L end would be minimal because of the small tide& there. This contrasts with the unchecked
sea-level canal in which maxis,:m tidal currenti would occur at the Atlantic end.

tTwo knots has been used as the lower limit of acceptable maximum currents in which lare ships can navigate safely. This
is based on experience at the Panama Cual where ships have demonstrated a capability to operate in currents up to 2
knots.

$To facilitate this, pte Wi would be installed during i itlal conastrctios at appropriate locations for 2-, 3-. and 4-knot
current limitations.
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without regard to current velocities, while larger ships would transit in favorable currents.,
Environmental considerations, however, might dictate continuous operation of the. checks in
order to limit transfers of biota between the oceans. (See Chapter 10.)

Ship spacing: A minimum ship spacing of 4 ship lengths measured bow to bow, or 3
lengths clear space between ships, is generally used in confined waterways. In this study, a
bow-to-bow spacing of 4 sbip lengths has been used for freighters, and 5 lengths for the
more massive tankers and bulkers. This -esults in an overall average spacing of 4.2 ship
lengths per ship, or about 2 ships per statute mile of convoy length. This spacing provides
sufficient distance for most ships, with Ohe help of tugs, to avoid colliding with the
preceding ship should it stop suddenly. Table 8-2 shows that the cleaw space of 3 ship
lengths is adequate for stopping tug-assisted ships of up to about 150,000 dwt in 4-knot
following currents. Additional clear space for the occasional ships larger than 150,000 dwt
would be provided as required by the current velocities prevailing during transit. This added
spacing for very large ships would not significantly affect the average number of ships per
mile of convoy.

TABLE 8-2

SUMMARY OF SHIP STOPPING DISTANCES
FROM A SPEED OF SEVEN KNOTS

RELATIVE TO THE LAND

Assisted Stopping
Distance in 4-Knot

Ship Size Number of Tugs Following Current
(dwt) (3O(9 hp Each) (Ship Lengths)

25,000 1 1.4

50,000 1 2.7

100,000 3 2.1

150,000 3 3.0

200,000 3 3.6

250,000 3 4.2

* Expewnce indicates that while Lead curnts reduce the stopping ditace of ships, the setrer Wpeed in water required to
maintin constat land Ved increes the difficulty of handling blrge dupe in confined waten. Thus, mie ships might
navipate more readily n a following cu,,rmt, others in a heed current.
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Canal capacity and operation: C•anal capacity would be affected by a number of factors,

all of which must be evaluated for each particular canal alternative. These include
operational interferences such as bad weather, mechanical failures, dead tows and irregular
arrival of ships. Of these, irregular ship arrivals probably would have the greatest influence
upon capacity. To provide a basis foi comparing the several routes, the average time in canal
waters (TICW)* has been limited to 20 hours at the canal's rated capacity. As much as
possible, arriving ships would form convoys "on the fly" while still at sea to preclude delays
and avoid the difficulties of getting a large number of ships underway from anchorage. The
lead ship of each convoy would enter the one-way section of the canal shortly after the last
ship of the convoy in the opposite direction leaves it.

The average TICW is affected only slightly by increases in transits, until transits
approach about 90 percent of the canal's capacity, when its TICW rises rapidly.t The
20-hour average TICW selected for capacity comparison occurs at about 90 to 95 percent of
capacity for all but a few configurations. Figure 8-11 shows how the average and maximum
TICW for Route 10 change as the nurmber of transits increases.

The maximum transit capacity which can be attained with a sea-level canal depends on
a balance among four factors: cycle time, t canal length, distance between tidal checks, and
convoy speed. The use of tidal checks, as previously described, requires that the cycle time
have a duration of multiples of 6.2 hours. A 6.2-hour cycle time cannot be used in a 34-mile
canal (Route 10), since a one-ship convoy in one direction followed by another in the
opposite direction would take about 9 hours just for transiting at a 7-knot land speed. A
12.4-hour cycle would allow 34,000 transits a year in such a canal. Of the 6.2 hours allotted
for the convoy to travel in one direction, 4.5 hours would be required by the last ship
entering to transit and clear the canal before an opposing convoy could enter it. The
remaining 1.7 hours allow a convoy only 13.7 statute miles long, which would not fully
utilize the 21 miles maximum allowable convoy length available in the 25 miles between

OrCW is the sum of waiting time as.- transit time. For purposes of this study, waiting time includes time lost by ships
which would have to slow down at sea to enter the canal with a convoy at scheduled times. Transit time includes only the
time required to pass through the one.way portion of a canal. Averae TICW for the Panama Canal in 1969 during periods
when all lock lmais were operational was 18 hours.

tQueu!ng theory was used to determine the effects of random ship arrivai on waiting time.

SCycle time is the interval between the entrncoe of successive convoys traveling in the same direction.
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tidal checks.* Convoys 21 miles long can, however, be used with a cycle time of 18.6 hours.
In this cycle the Pacific gate would be closed continuously for 12.4 hours after which it
would be open for 6.2 hours. The Atlantic gate would be closed luring the 6.2 hours when
the Pacific gate is open. The increase in convoy length more than offsets the decrease in the
number of convoys possible, and capacity increases to 38,000 transits a year. A further
increase in cycle time serves only to decrease the number of convoys, without a
corresponding increase in convoy length; it results in lower transit capacities. In the
configuration discussed above, a 7-knot land speed is compatible with the 25-mile tidal
check spacing selected to limit currents to less than two knots. This permits the last ship in
one convoy and the first ship in the second convoy to traverse tha 25-mile distance, with
allowances for safe operation, in the 6.2-hour interval in which the tidal checks can be
moved without wasting available convoy smace.

Variations in tide levels associated with the lunar ),cle perio6icailly cause conditions
during which currents may remain low enough to permit transiting without gates. At such
times, only the very largest transiting slips would be tied to tidal cycles, and the choice of
cycle time would become arbitrary. Transits could incrt ase during these periods, with ship
arrivals scheduled well in advance to take maximum advantage of opportunities for
increasing the number of ships accommodated.

Lengthening the distance between tidal gates tends to providc- an increase in transiting
capacity by allowing longer convoys, but this results in higher peak currents. A practical
limit on this distance is also imposed by the land speed of the ships, i.e., they must be able
to travel the appropriate distance in time to meet the schedule of gate movement.

In a bypass configuration, convoys entering opposite ends of the canal would be
scheduled to pass each other in the divided section (S'e Figure 8-9). When these convoys
have cleared the canal, the operation would be repeated. In a canial without tidal checks, the
main advantage of a bypass is that it permits a short cycle time at low traffic levels. Its
disadvantages lie in limitations it imposes on convoy lengths, the miore rigid traffic control it
requires, and its inability to accommodate variations in cycle time under conditions of fixed
land speed. The effect of a bypass on transit capacity depends on the length of the canal and
the length and location of its bypass. At least one bypass would be necessary to obtain
35,000 annual transits in any single-lane canal longer than 50 miles. In shorter canals a
centrally located bypass would reduce TICW significantly until transit growth is constrained
by the short maximum length.t In this case, operating the canal without using the bypass
may allow more transits.t If tidal checks must be used, a bypass not only reduces TICW but
increases capacity also. Table 8-3 compares the effocts of tidal checks on capacity of Route
10 in configurations with and without a bypass.

*Thi provides 2 miles ciearanct at either end of the convoy to allow time for shifting o the ptes without stopping the
convoy.

tThe convoy length wou: yrowr with increming trafc. Its maximum length would approach the :angth of the bypass
section.

$A bypuss also would provide a dspgnficant pert of the canal length required for expansion to two one-way lanes should
that become necessary as a mians of providing additional capacity.
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Automated traff control: Even the largest ships are subject to so few restrictions while
at sea that no rpecial operating procedures are required. Within the confines of a sea-level
canal, however, systematic automated control of both ships a-id canal operations would be
necessary. In addition to providing operational data on every ship, and on the changing tides
and weather conditions, such a system would assign vessels to their positions in convoys,
and schedule convoys several days in advance to ensure efficient operations. Similar
concepts are used in air traffic control and in controlling traffic on the St. Lawrence
Seaway. A measure of the need for automated control is apparent when it is realized that to
transit 60,000 ships per year withoui tidal checks would require the daily formation of two
convoys, each over 40 miles long and containing over 80 ships. Operation with tidal checks
would involve smaller convoys but more rigid control.

TABLE 8-3

TRANSIT CAPACITIES OF A SEA-LEVEL CANAL ALONG
ROUTE 10 WITH AND WITHOUT A 14-MILE CENTRALLY LOCATED
BYPASS AND WITH 20-HOUR AVERAGE TIME IN CANAL WATERS

Tidal Checks Located for Maximum Currents of

2 knotsa 3 knotsa 4 knotsa

Without 38,000 (100%) 45,000 (90%) 66,000 (26%)

With 56,000 (100%) 56,000 (100%) 57,000 (78 %)b

aTidal check gates operate when necessary to maintain current velocities below this accep-
table value. Figures in parentheses show the percent of tidal cycles during which tidal
checks must be used to limit the canal currents to the values shown.

bThis indicates that if operation in currents up to 4 knots is acceptable, there is no advantage

to a bypass on this route.

Other dsign factors: For the routes investigated in this study and the size of channels
involved, priject cost is relatively insensitive to such criteria as minimum radius of canal
curves, minimum distance between curves, and maximum angle of turn. Accordingly, the
plans and estimates of this study are based upon criteria which are more favorable to
navigation than those of most of the world's waterways.

A ship in motion generates a characteristic pattern of waves. This pattern changes when
the ship moves from deep to shallow water and into the confined reaches of a cana!. Much
of the ship's power is lost in making waves, thus reducing its attainable speed. Hydraulic

V-Ill

h.A



model tests of ships in canals, including those undertaken for the Commission, have
reproduced the wave systems generated by ships in confined waters. These tests showed that
while waves tend to reduce ship speed, they could be tolerated by adequately powereO ships
operating in the design channel.

Waves caused by ships moving in restricted waters can cause damage to unprotected
shore installations and canal banks of soft materials. At the Suez Canal, for example,
considerable construction has been undertaken to protect the sandy banks from wave wash.
Bank protection would be provided for the isthmian sea-level canal in reaches where bank
materials are susceptible to erosion.

Increasing capacity at minimum cost: The canal designs proposed in this study were
based on conservative navigation criteria. It is likely that continued research and experience
would demonstrate that these criteria could be relaxed. This could lead to either a less
expensive canal or a greater throughput with the present design. Some of the measures
affecting navigation which should be considered in the final design and in the operational
phase are:

- Operating in faster currents. This would serve to increase capacity, particularly it'
continuous operation of tidal checks were not necessary.

- Operating without ticial checks. This would permit much greater flexibility in
scheduling, thus reducing waiting time and increasing capacity, but it would only
be effective if operation in currents above 4 knots were shown to be practical.

- Operating at land speed above 7 knots. This would increase capacity with or
without tidal checks, if ship spacing did not have to increase commensurately.

- Constructing a small bypass. Expansion plans call for the bypass channel to be thu
same size as the design channel. It could be constructed with a channel of about
450- by 50-feet, which would accommodate most of the ships desiring transit.
Large ships would use only the main channel; the smaller ships could use either leg.
(On Route 10 the cost difference between a bypass excavated to design channel
dimensions and one 450- by 50-feet is about $140 million.)

- Developing passing procedures so that smaller ships could transit the restricted
section in a two-way mode.
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CHAPTER 9

COST ELEMENTS

In general, througoout this study, construction cost estimates include the cost of all
work necessary for complete facilities, ready for operation and meeting all project
requirements. Operation and maintenanct cost estimates, including plant replacement costs,
also have been deeloped and are. shown separately. Interest and amortization are not
included in either of these cost ca,.egories; they are discussed in Annex Ill, Study of Canal
Finance.

Because of the project's size, estimates included in this study are more fully developed
than those of most engineering feasibiJ4 ' studies. Excavation quantities have been estimated
from preliminary design drawings -..d maps reflecting the best available data and
information. Unit prices include allowances for minor items not estimated separately. Since
channel excavation would be the principal cosW element, excavation systems have been
developed in detail and costed to include a breakdown of plant, labor, and other charges.
Contingencies and costs for engineering, design, supervision, and administration are included
as separate items. All costs are in terms of December 1970 dollars.* The Chief of Engineers
will maintain records for updating these cost estimates, if necessary.

Construction costs: Costs included in the estimates in this Annex have been limitei to
those directly associated with the design and construction of an isthmian canal. Principal
cost elements are:

- Construction items such as clearing, relocation, excavation, evacuation of the
nuclear exclusion areas, flood control, harbors, highways, operating facilities,
health and sanitation, and support facilities for corn .ction and transit operation.

-Contingency factors which are applied to the construction items' cost to meet

unforeseen conditions. Contingency allowances normally used in engineering
feasibility sCudies range from 15 to 25 percent. Reflecting the degree of refinement
to whicl Rnalyses of the several alternatives have been carried, allowances for

*In keeping with the ma Cwmanent pacdke for water aeeswces projects, o allowan has been made for infaltlo.
IPoky dsn. from the belief that inflatio affsets both cests n bemfits of proets to appmximately the me

deemtcL that th estimation of a NOe factor for bihioaf er • the lifetime of a ka costnaictie prot is
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contingencies for each major feature considered by this study were made in
accordance with the following schedule:

Percent of
Type of construction itemized costs

Conventional excavation 0O*t
Conventional construction, 20t

other than excavation
Nuclear construction, less 30t

supporting work

Engineering and overbead costs involved in planning, managing and supervising the
construction effort. These are added to the base construction costs and include
such items a' collection of topographic, meteorologic, hydrologic, and geologic
data; testing foundation material; preparation of engineering reports and design
memoranda; development of plans, specifications, and cost estimates; supervision
and inspection of construction; and overhead costs of managing and supervising the
project. For the purposes of the feasibility study, these costs were taken as 7
percent of the total estimated base construction costs, including contingencies.

Operation and maintenance costs: Operation and maintenance costs are those
continuinj coets incurred in the operation and maintenance of the facilities directly involved
in the operation of the canal. Although the canal operating organization may engage in
other activities, no attempt has been made to estimate their extent.

*he Technical Associates have recommended that estimates of conventional excavation vokames be Irented as nmps

bused on available knowledge of geological conditions:
_Range with toe to

comptedvolume

Routes remote from the Panoma Canal +30 to -10 percent
Routes proximate to the Panama Cmal +20 to - 5 percent

In their opinion, total quantities excavated would be within then ranges which provide for possible future change in the
understanding of the "te peology and dop dstbility. Thee aes have been consulIde in setmating Cos of the
conventional routes and in making comparisons between routes; however, for convenience and to conform with normal
procedures, only the base estimates are presented hsels.e7

tinitial estimates for the routes showed that contingency costs for all coentional construction, including excavation,
averaged about 12% of the bme coat of thesm items. Consequently, 12% wu used a the contingency factor for all
construction costs except those for nucle operations.

rrhe AEC does not believe that a blanket coatingency of 30 percent to nuclear oonstruction is desirable, as the
uncertainties surrounding nuclear excavation do not ie in the cort of nucla explosives or explosive lanted f&ld
operations. Such uncertainties lie L the area of providing a useful channel without substatial modification by
conventional means. Consltant and advisors to the Engineering Agent, citing the lack of expeience in multiple
cratering, recommended contingency factors in the range of SO to 100 percent In 1ght of thee. considerations, do
Engineering Agent mlected 30 percent as an appropsiate contingency factor to be slad aros44boaud to cot
estimates for nuclear construction in this study.
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Operation and maintenance costs have !'een subdivided into those which vary only
slightly from year to year (fixed costs), and those which vary with the number of transits
(variable costs). Because many of the routes lie in undeveloped areas, the operating
organization would have to provide essential supporting services for project personnel, as
well as perform the normal functions of administration, waterway operation, and
maintenance. Supporting services for ships would include traffic control centers, aids-to-
navigation, communications, maintenance equipment, and the provision of marine pilots
and tugs. Maximum dependence would be placed on the private economic sector of the host
country to provide ancillary supporting services. A reliable adequate water supply would be
an important consideration in a lock canal. Some costs would be relatively constant over a
wide range of transit levels, while other costs, such as those for marine pilots, would vary
almost directly with the number of transits. The totai operation and maintenance cost
would be the sum of the fixed costs, the variable costs, and the costs of major replacements.
Thus, as the number of transits increases and more ships share the fixed costs, the cost per
transit decreases. Operation and maintenance costs are strongly dependent upon the length
of the canal.

Real estate costs: Cost estimate totals shown in this study do not include land
acquisition costs, since royalties based on a rate per ton of transited cargo are expected tu
constitute the entire reimbursement to the host country. H w..,ever, the value of all real
estate required for the project has been estimated according to the following criteria:

- Fee title for the canal and adjacent land for permanent facilities;

- Permanent easements for access roads and for land that may be occasionally
inundated; and

- Temporary easements for spoil areas and other areas needed only during
construction.

Other costs: Not included in this study are first costs for defense facilities and support
facilitins not related to transit operations; treaty costs including acquisition of land and
improvements, and resettlement other than evacuation; interest on capital investments, and
intangible costs for indirect effects and their economic impact.
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CHAPTER 10

ENVIRONMENTAL ASPECTS

Initially, emphasis was placed upon terrestrial and marine bioenvironmental investiga-
tions conducted to assess the possible transfer of radionuclides to man through various food
chains. Simulation techniques were developed to predict the canal's modification of certain
environmental parameters, particularly the redistribution of radionuclides. As the stLdy
progressed, emphasis shifted to the probable effects of biotic interchange between the
oceans. A tabulation of studies sponsored by the Commission and rekevant to environmental
concerns is given in Table 10-1.

As a result of these studies and other pertinent investigations, certain general
evaluations of the major environmental effects of building a sea-level canal can be made in
terms of:

- Damage to living resources from various types of excavation;

- Dispersal and biological transfer of radionuclides from nuclear excavation;

- Potential physical anti genetic damage to biota from radiation;

- Biotic interchange between the Pacific Ocean and the Caribbean Sea through a
sea-level canal;

- Ecological changes in Gatun Lake caused by increased salinity if the loekage water

is augmented by p-mped seawater; and,

- Modification of the Atrato wetlands with resultant effects on the estuaries of
Candelaria and Colombia Bays.

The outcomes of such complex situations are not yet known. Nevertheless, t)',.
Commission's investigations have been carried to a point where preliminary judgments (an
be made on the necessity end feasibility of countermeasures, the acceptability of risk that
might be involved, the posible penalties for accepting damages, and the need for additional
studies. 3 '"

Environmental effects of excavation and spoil disposal: Regardless of the method
employed for its excavation, construction of a sea-level canal would recv.!'a% the disposal of
immense quantities of kpoil. It would be necessary, therefore, to place this material so as to
avoid aiverse environmental consequences. Typical of problems of this nature that might be
encountered is th,. disposal of spoil in Gatun Lake. If material removed by conventional
cut-and-haul methods were placed there, it would alter the lake's characteristics. As it
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TABI.E 10-1

PRINCIPAL ENVIRONMENTAL STUDIES

Subject Area Investigating Agency Research Results

Terrestrial and Battelle Memorial Planned, managed, and reported on overall
marine environ- Institute, Columbus, bioenvirormental investigations required for
ment Ohio naclear safety feasibility study.

Human ecology Dr. R. Torres de Obtained demographic dal:a on human pop-
in Panama Arauz, Panama, Re- ulation groups in Darien Prvince, Panama.

public of Panama

Human ecology Ecuadorian Institute Obtained demographic data on human pop-
in Colombia of Anthropology and ulation groups in Choco Province, Colombia.

Geography, Quito,
Ecuador

Agricultural University of Florida, Obtained data on the agriculture in the regions
ecology Gainesville, Florida around Routes 17 and 25, including elemental

analysis of samples.

Terrestrial University of Georgia, Described and classified terrestrial ecosystems
ecology Athens, Georgia in regions of Routes 17 and 25 and estimated

transfer of radionuclides among ecosystems.

Freshwater Battelle Memorial Collected data; evaluated and predicted potential
ecology Institute, Richland, radiation exposure through freshwater systems

Washington in regions of Routes 17 and 25.

Estuarine and Puerto Rico Nuclear Collected data; evaluated and predicted potential
mariile ecology Center, Mayaguez, radiation exposure through marine food cha;ns

Puerto Rico in regions of R- 3tes 17 and 25.

Marine University of Miami, Reviewed and collated data on marine environ-
resources Miami. Florida ment in Isthmian region, with emphasis on wom-

mercial fisheries.

Hydrologi- Hazelton-Nuclear Prepared mode for estimating hydrologic
redistribution Science Corp., Palo redistribution of radionuclides in the vicinity
of radionucliaes Alto, Calif. of Routes 17 and 25.

Radionuclide re Puerto Rico Nuclear Determined behavior of radionuclides in ex-
distribution in Center, San Juan, perimental tropical forest to compare with forest
tropical rain- Puerto Rico areas in the vicinity o! Routes 17 and 25.
forests
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TABLE 10-1

PRINCIPAL ENVIRONMEN1 A.X STUDIES t;;ont'd)

Subject Ar. Investigating Agency Research Results

Radioactivity Oak Ridge National Estimated doses to individuals or popula-
dose estimation Laboratory, Oak tion groups in vicinity of routes in-

Ridge, Tennesee vestigated for nuclear excavatio0.

Marine University of Miami, Provided geographical distribution data on
organisms Miami, Florida marine organisms to assist in, evaluating

effects of biota mixing.

Effects on Battelle Memorial Estimated possible effects of intermixing
marine ecology Institute, Columbus, marine biota from the Pacific Ocean and the

Ohio Caribbean Sea.

Medico-ecology Office of the Compiled data on diseases, vectors, and
studies, Routes Surgeon General, health conditions that would be encounteredl
10, 14, 17, and U.S. Army in construction on'canal routes.
25.

Numerical Massachusetts Estimated the currents and net flow of water
computations of Institute of from the Pacific to the Atlantic for various
tital currents in the Technology, Cam- sea-level canals.
proposed sea-level bridge, Massachusetts
canal

Marine ecological National Academy Proposed future program for ecological
research program of Sciences/National research, emphasizing mixing of marine

Research Council biota.

became shallower, environmental changes inevitably would occur, followed by a change in
its ecological balance.

If spoil were placed in adjacent valleys or other low elevations, the vegetation and
animal life of that and adjoining areas would be affected. Construction of access roads and
other support tacilities also would modify the ecology of the region. The rate of biotic
redevelopment, which generally is rapid in tropical environments, would depond on the
ferfility and diversity of the spoil Alluvium, muck, and weathered rock would be
particularly conducive to rapid regrowth. Igneous material from deep excavations would
weather slcwly, requiring the passage of several years before plant communities could be
established upon it. Because of differences in geologic origin of spoil, as well as differences
in regional and internal drainage, parent material weathering history, and succes.ional
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status,* the retu'ndng plant and animal communities might differ from the original
occupants of the area.

Most excavated material would be removed from depths at which tropical leaching
processes have not operated to deplete its fertility. Properly placed with adequate drainage,
this spoil soon should be suitable for farming, furthering governmental efforts to place more
people on the land. Comparable opportunities might be available from dredged materials.

Ntuclear safety studies conducted for the Commission have shown that hazards to
human populations living near the vuclear alinements ccild be minimized by using
improved explosives and emplacement t-chniques and by temporarily evacuating residents
from specified exclusion areas. An area 15 to 20 miles wide and 20 to 25 miles long would
be subjected to substantial airblast and ground shock from each nuclear cratering
detonation. An even greater area would be subjected to radioactive fallout and resultant
potential biological damage. The possibility of genetic alteration of local members of plant

and animal species from canal excavation is difficult to assess. Although not considered
likely to be serious, changes of this type remain an area of concern, requiring continued
study.

Plant and animal populations of the area would be harmed by soil and rock ejected
from the cut, as well as by radiation. Ejecta would range in depth from several hundred
feet at the lips of the cut to a few inches at distances of several thousand feet from the
canal, killing most life fornas in the area so covered.

Although the territory affected by spoil disposal, radioactivity, or ejecta deposition
would be extensive, it wculd be small compared to the entire region having similar biotic
composition. Lasting adverse environmental consequences of the excavation process are not
expected to be significant.

Ecological transfer of radionuclides: Detailed bioenvironmental studies were conducted
in the regions of Routes 17 and 25 as part of the overall nuclear safety investigations. These
studies were directed primarily at the evaluation of the potential exposure of people to
radiation. Should nuclear excavation be employed, some radionuclides would be introduced
into aquatic and terrestrial ecosystems, and uWtimate!y would appear in fish, birds, and other"
animals, including man. With proper precautions, human exposure to radionuciduq
transmitted by food chains could be controlled effectively. A small possibility remains,
however, that biologic accumulations and concentrations of harmful radionuclides could
occur in areas remote from the construction site. Danger to humans from such a possibility
would be avoided by radiologic surveys of organisms in which radionuclid.s are likely to
concentrate. The studies that have been conducted to date lead to the belief that biologic
-oncentrations of radioactivity at levels that would endanger humans would not be likely to
result from nuclear excavation along any of the canal routes considered.

While primary attention was focused on cultivated crops, plants, and animals in food
chains leading to man, broader ecological studies also were made. Numerous biotic samples
wcre collected and analyzed to characterize general ecological systems, and to evaluate the
food chain transport of radionuclides. In addition to detailed studies of terrestrial and

*Relalive developmental stage of plant and animal communities al0ng seml-ptedictable lines of replacement tending toward
ecological stability.
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freshwater ecosystems, marine and estuarine physicoche.',icJ, and eHclcical studies w.ere
carried out at a number of stations along the Pacific and Caribbean coastlines. These ficId
investigations included chemical analyses of water and organisms, and diffusion studies at
various offshore locations to estimate potential movements of radionuclides.

Biotic interchange: An unobstructed sea-level canal acrosn Central America would allow
relatively easy passage of marine organisms. Certain forms of marine life now pass through
the Panama Canal even though Gatun Lake provides a highly effective biotic barrier.
Barnacles and other immobile organisms are carried through on the hulls of ships, and some
small plants and animals survive in ballast water carried from one ocean to the other.
Linking the oceans with an unobstructed salt water channel would greatly facilitate the
movement of these and other organisms.

The net flow of water from Pacific to Atlar.tic would depend upon the size, length,
location, and configuration of the canal. This flow would average as much as 100,000 cubic
feet per second in a relatively short unrestricted canal (Route 17); on the other hand, a
freely floating object would take as long as ten days to move from the Pacific to the
Atlantic through a 100-mile unrestricted canal on Route 25. The use of tidal check gates
would reducr, flows greatly. Proper timing of gate movements could reduce the net flow to
zero, althou'gh there would be some mixing through the open gates, similar to the mixing
and flushingt action in any tidal estuary.

Pacific water, though slightly cooler than that of the Caribbean, has about the same

salinity. Periodic tidal flow in a salt-water connection would aid the movement of
free-swimming species and the passive transport of small organisms from one ocean to the
other. A canal would also provide transitional habitats where organisms could be harbored
pending their adaptation and dispersal. Conversely, the planned use of tidal gates and the
sedimentation, turbulence, and freshwater inflow of a sea-level canal would serve to restrict
the extent of any migrations.

Taxonomic studies indicate that the Atlantic and Pacific ocean species along the
Isthmus are closely related, even though few are identical. Thi , similarity results from the
linking of the Atlantic and Pacific Oceans until recent geologic t ,ne, perhaps 3 million years
ago. When such closely related species are allowed to intermingle, several results may occur.
Concern has been expressed about three potentially undesirable biologic consequences of
such intermingling through a sea-level canal:

- Some invading organisms might be so highly successful in their new environment
that they could disrupt the previous ecological balance and become pests.

Successful migrants through the canal could carry parasitic organisms for which
defense mechanisms do not exist in the new environment. Although such a
possibility cannot be dismissed entirely, experience in other similar areas leads to
the belief that it is unlikely to be a significant threat. In past geologic eras, marine
fauna of the isthmian region were free to interact. Their subsequent separation by
the isthmus, while permitting and creatir.g different ecosystems in the two oceans,
probably has not significantly affected the internal environment of the host fauna
for the parasite. Thus, migrant parasites are expected to be less harmful than totally
alien organisms
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Pairs from similar species might interbreed freely but produce infertile offspring.
Under certain possible, but extremely unlikely conditions, this cou)d lead
ultimately to the extinction of both species. The few aquarium breeding
experiments carried out so far on related Atlantic and Pacific fish species are
inconclusive. Since many species pzirs have not yet been tested, the possibility of
extinction of some species cannot be eliminated.

The situation most nearly comparable to an American Isthmian sea-level canal is the
biotic passage created a century ago when the Suez Canal was built, linking the Red Sea and
the Mediterranean. (Aquatic plants and animals around Suez are not so closely related as are
those of Panama; and the Mediterranean Sea has a less richly endowed biotic as3emblage
than the Red Sea.) At least 150 species of plants and animals occurring in the eastern
Mediterranean have emigrated with the prevailing flow from the Red Sea through the Suez
Canal; only a very few have moved in the opposite direction. Of the 24 Red Sea fish species
that have moved into the Mediterranean, 11 are now commercially important. There is no
evidence of long-term adverse effects of this interchange.

The likelihood of the successful establishment of alien biota in the ecosystems of the
Caribbean or Pacific is a subject of debate not capable of being finally resolved within the
present state of knowledge. However, should future research indicate the need for a biotic
barrier across the canal in addition to tidal check gates, salinity or temperature barriers or
other bio-regulators could be installed. Such barriers were not included in conceptual
designs because the need for using them in addition to tidal checks has not been established.
As they are presently understood, tnese barriers appear to be technically feasible, although
their operating costs could be extremely high. Admitting fresh water into the canal between
the tidal checks has been proposed. It would come from streams which otherwise would be
diverted. Proposals also have been made for raising the water's temperature, using waste heat
from power plants. The combination of heating and dilution should be more effective than
either acting alone. In any case, the success of any method adopted would depend on the
effectiveness of the tidal gates in restricting flows, since heating or diluting an unobstucted
interoceanic canal sufficiently to establish an effective biotic barrier appears economically
infeasible at this time. Other methods such as bubble screens, sonic barriers and electric and
magnetic fields have been suggested and may merit investigation in the future.

The ecological consequences of the movement of marine organisms are unknown at the
present time. Marine biologists are not in full agreement on this subject; their predictions
range from disaster to possibly beneficial results. All share the belief that further research is
needed. Because of this divergence of views, the Comndssion engaged Battelle Memorial
Institute to study the problem. A summary of its report3" is at Inclosure D. Its principal
findings were:

- No firm evidence has been found to support any predictions of massive migrations
from one ocean to another, followed by widespread competition and extinction of
large numbers of species.

- Differences in environmental conditions on the two sides of the isthmus and the
prior occupancy of similar niches by related or analagous species constitute
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significant deterrents to the establishment of those species which may manage to
get through a canal.

- The Pacific species most likely to become established along the Caribbean shore are
those of estuarine and other shallow water habitats.

- Improvements in the precision and reliability of ecological predictions would
require a comprehensive long-term program of well-coordinated studies in physical
oceanography, marine ecology and basic biology in the seas and estuaries adjacent
to the isthmus.

Regardless of how the question of harm from biotic mixing may eventually be resolved,
there is general agreement that the estuaries at either end of a sea-level canal would be
altered considerably. There would be silting, diverted currents, and turbulence created by
ships. Breakwaters and jetties built to provide protection for ;hips and to reduce
maintenance dredging would also inhibit littoral drift. Near-shore biota would be affected
strongly by these changes and some might not adapt. The great length of shoreline available,
however, suggests that no species would tle threatened with extinction. The greatest impact
would be felt in the Atrato esiuary; yet even thare, the vast extent of the estuary provides
assurance that its environmental values would not be destroyed by a canal.

It appears that, for the most part, the ecological impact of sea-level canal construction
on its local area would be minor in magnitude and extent. The great expanse of undeveloped
land, the abundance of tropical life, and the hot, humid climate would tend to overwhelm
terrestrial ecological disturbances in short order. A major possible exception is the effect of
opening up of a passageway which would allow marine life access between the oceans. The
possibility of dire consequences has been raised but not proven. Limited study indicates that
risks are small; however, many experts disagree. More study is required.

Gatun Lake: Lockage water supply limits the Panama Canal's ultimate capacity. It is
possible to increase available supplies by pumping seawater into Gatun Lake. If this were
done, and lockage water could not be recycl,.t, Gatun Lake would tend to become brackish
and some existing plant and animal spe , might disappear. Additionally, a variety of
estuarine organisms adapted to low sa.'nit ight become established. Ecological surveys
conducted for the Commission identified many species of fish occupying near-shore marine
habitats and extending their ranges up freshwater rivers. These and other organisms would
be candidates for establishment in the lake.

The Atrato lowlands: The construction of the canal, diversion channels and spoil
disposal in the Atrato flood plains in northwestern Colombia would be expected to produce
significant changes in the ecology of the flood plain and associated estuaries. Extensive
diversion channels on both sides of the canal would be excavated to accommodate the flows
of the Salaqui, Cacarica and Atrato Rivers. Spoil disposal in the area would be behind levees
and would raise periodically flooded areas several feet above sea level. The high organic
content of the hydraulic spoil would aid its rapid revegetation to brush and small trees or its
conversion to agricultural uses.

The extensive water diversions, flood control and filled land would alter the hydrologic
and physical characteristics of much of the Atrato estuary. Changes in the frequency, dtpth
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and duration of flooding would alter (probably reduce) the nutrient and biotic contribution
of the wetlands to the coastal region. Flora and fauna dependent on these supplies would
be affected.
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PART llI- EVALUATION OF ROUTES
Saliant features of eight potentially feasible routes were examined to select those

which, from an engineering standpoint, are the most promising. Conceptual designs and
detailed cost estimates for the routes thus selected are included in Part IV.

Cost estimates have been based on specified methods of excavation. The methods
chosen were considered to be the least costly for each route. The adoption of any particular
metbod does not imply that other methods would not be equally practicable.

Although the quality of data varies widely between routes, it is adequate to permit a
comparison of their feasibility and costs.

CHAPTER 11

ROUTE 15 - PANAMA CANAL ZONE LOCK CANAL

Route 15, an improved lock canal route along the alinement of the Panama Canal, was
considered for the sole purpose of establishing a standard against which the various sea-level
alternatives could be measured. Several lock canal plans which have been proposed for
modernizing and expanding the existing canal are described in this chapter. A detailed
discussion of these plans is presented in Appendix 9.

Accuracy of estimates: The data available for an engineering feasibility study of the
various Route 15 proposals are excellent. The climatic, hydrologic, and geologic records of
the Canal Zone area extend back nearly 100 years. Exploration and excavation done in
connection with maintenance and cut widening of the canal have resulted in detailed
geologic data along its most critical reaches. Cost estimates for the lock canal are considered
to be reliable.

Existing canal: (Figure 11-1.) The Panama Canal runs generally in a northwesterly
direction from Balboa on the Pacific coast to Cristobal oii the Atlantic. The Miraflores
Locks, a double-lift twin-lock structure which raises vessels 54 feet from the level of the
Pacific Ocean to Miraflores Lake, are located about 6 miles inland from the Pacific. Pedro
Miguel Locks, a single-lift twin-lock structure at the other end of this I-mile-long lake, raise
vessels to the level of Gatun Lake at elevation 85 feet.* From these locks the canal passes
directly into Gaillard Cut, which extends for 8 miles through the Continental Divide. For 23

*The lake's eevation is mupated between levations 32 and 87 feet. Its nominal elevation Ib 85 feet.
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miles from the cut's north end near Gamboa, the canal follows an irregular course through
Gatun Lake to avoid islands and peninsulas. At the north end of the lake are the Gatun
Locks, triple-lift twin4ocks which lower vessels to sea level about 2 miles inland from Limon
Bay. The total length of the Panama Canal, including approaches, is 48 miles.* The 12 lock
chambers are 1,000 feet long, 110 feet wide and have limiting depths of 40 feet over the
sills. The minimum navigation prism is 500 feet wide by 42 feet deep, with about 3
additional feet of overdepth. The existing facilities accommodate ships up to about 65,000
dwt. In Fiscal Year 1970 the PsAnama Canal transited 15,523 large ships. A program of
improvements by the Panama Canal Company is expected to increase the transit capacity to
26,800 ships per year when required.

Third Lodcs Plan: The 1938 Third Locks Plan,3 as subsequently modified, calls for
construction of one additional lane of 140- by 1,200- by 50-foot locks adjacent to each
existing set. The new locks would pass 105,000-dwt vessels and would increase the canal's
annual transit capacity to about 35,00b ships. The existing locks would continue in use and
Gatun Lake would remain at an average elevation of 85 feet. Details of this plan are shown
in Figure 11-2. The 1964 Report estimated the cost of the Third Locks Plan to be $635
million ($800 million at 1970 price levels).

Terminal Lake Plan: The Terminal Lake Plan, considered first in the design of the
existing canal, was proposed again in 1943. As described in 1947,12 it calls for
abandoning Pedro Miguel Locks, raising Miraflores Locks, and constructing one lane of large
locks at both Miraflores and Gatun, capable of handling 1 0,000-dwt ships. Execution of
this plan would increase the annual transit capacity to about 35,000 ships. The added locks
would be 200- by 1,500- by 50-feet. Raising Miraflores Lake would provide an anchorage
area above the Miraflores locks, reducing navigation hazards at the Pacific end of the
Gaillard Cut. Operational efficiency would be increased by consolidating the Pacific locks.
The existing two-lane locks at Gatun and Miraflores would continue in operation, and Gatun
Lake would remain at its present level. Details of the plan are shown in Figure 11-3. The
1964 Report estimated the cost of this plan to be $946 million ($1.1 billion at 1970 price
levels).

Terminal Lake Plan variations: A number of variations in the Terminal Lake Plan have
been proposed& Typical of such proposals is that descrif ed in H.R. 3792 and S. 2228,
91st Congress, Second Session. These bills call for abandoning the Pedro Miguel Locks and
appear to require replacement of the locks at Gatun and Miraflores with two lanes of locks
140 feet wide and 1,200 feet iong, having a mir nurm depth of 45 feet of water over the
sillsft They would accommodate ships of 80,000 to 110,000 dwt, dcpending on the level of

*For lae vwesis peent approaches would have to be extraded, increasing the total lenth to 56 niles for 150.000 dwt

tThM bills U written am noet eof ok to beovided. They nlude cd limitations whi

indicate that there could not be more thion two lanes; howevr, the fgurms on per 183 of House Document 474, 89th
Con.mm, 2d Sesdoe, which lbhatrate thd plan from whlctl these 141b derive, show three Ianes of locks. In viw (if the cot
Imitation impoesd by the kknuas of the Wb. disaimaon k- tdas study of Terminal Luke Plan variations relates to 2 laesunim othenrwie indiested.
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Gatun Lake. The lake, now maintained between elevations 82 and 87 feet, would be
regulated between 82 and 92 feet, requiring modification of the dam and spillway at Gatun.
A terminal lake at Gatun Lake level would be formed above the new Miraflores Lot~ks,
improving conditions for navigation. Raising the level of the lakes would obviate the need
for major excavation. Details of these proposals are shown in Figure 11-4. Transit capacity
would be approximately equal to that of the existing canal after planned improvements. The
bills proposing these variations include $850 million for construction; however, if 3 lanes of
new locks were provided at each end to increqse nnual transits to about 35,000,
construction costs would be about $1.4 billion.

Deep Draft Lock Canal Plan: A plan41 incorporating the most desimabe features of
previously proposed lock canal plans was developed during the current studies. To meet
criteria applied in this study, the locks were designed to accommL late 150,000-dwt ships
and flatter excavation slopes were assumed than those of earlier lock canal plans. The new
plan coils for adding a lane of triple-lift locks to the existing 2 lanes at Gatun and
constrit, ting a separ-ae lane of triple-lift locks at Miraflores to raise 150,000-dwt ships into a
bypass around Pedro Miguel at the level of Gatun Lake. Details of the plan are shown in
Figure 11-5. It has the advarntage of permitting continued operation i' all existing locks
throug:iout their useful lives. It would accommodat'- 35,00C transits per year. Its initial cost
would be about $1.5 billion. Additional costs wouid be incurred when the existing locks
cnuld no longer he used economically and would have to be replaced. Replacement would
be accomplished with some interference to traffic but would consclidate all three lifts on
the Pacific side at Miraflores, raising Miraflores Lake to the level of Gatun Lake.

Construction: Construction systems for plans othei than that for the Deep Draft Lock
Caual Plan were not analyzed in detaill however, except for the Terminal Lake Plan
variations, they probably would be similar tu the system contemplated for the Deep Draft
Lock Canal. In the Terminal Lake Plan variations, almost all clannel excavation would be
avoided by raising the level of Gatun Lake.

Construrtion effort involved i, the Deep Draft Lock Canal Plan would be about evenly
davided between lock construction and channel excavation. The new locks would take
idvant-ie of the Third Locks excavations made in 1940-1942. Channel excavation would be
acco ihed mainly by dipper dredges and spoil would be removed in scows. - nstruction
wowu take. about 10 years.

Problem areas: The 160- by 1450- by 65-toot locks and their gates would be especially
large and massive, but their design and construction are within the capabilities of existing
technology. To achievt- expected capacity, a high speed filling suid emptying systerm would
be required for these locks.

All lock canals have the inherent handicap of needing extremely large quantities of
lockage water. On Route I f this requiremient can be met by pumping ocean water into Gatun
Lake, or possibly by recirzulating fresh water. The first method would render Gatun Lake
orackish, thus changing some ecoIlogical characteristics of the area, Nhilm the second woulO
involve unusual engineering problems. Both methods would entail costly pumping opeiations.
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Construction of any of these options would interfere with traffic through the Gaillard
Cut, Miraflores Lake, and Pedro Miguel and Miraflores Locks. The Terminal Lake Plan, in
particular, would reduce transiting capacity significantly during construction.

Areas of weak rock where extensive slides occurred during construction of the Panama
Canal would have to be i'-cavated in deepening and widening the channel. Extreme care
would be required during excavation to avoid massive slides which might block the canal.

Any further increase in the capacity of a lock canal after construction would be
difficult. Larger locks would have to be provided either in addition to, or as replacements
for, at least 1 complete lane of locks at each end of the canal; additional widening of the
Gaillard Cut would be necessary. It may be possible, however, to capitalize on the
demonstrated abiliVy of small ships to pass in the Gaillard Cut. This may allow capacity to
increase up to 40,000 transits per year, the estimated capacity of 3 lanes of locks, without
additional channel widening.

Except for the Terminal lake Plan variation, all plans make at least some use of the
present lock structures. These locks were built at a time when concrete technology was in its
infancy. They are nearly 60 years old and, while the concrete has been tested and appears
to be in good condition, the remaining useful life of the locks cannot be predicted
accurately. The estimated cost of replacement is $800,000,000.*

The Terminal Lake Plan variation would raise the level of Gatun Lake. This would make
replacement of the existing locks necessary and would require raising Gatun Dam and
making major modifications in the spillway. Fluctuation of the lake level over a 10-foot
range would caust greater environmental changes than any of the other lock canal plans.

Except for the Deep Draft Lock Canal Plan, none of these plans meets present forecasts
of traffic demands after the year 2000, with respect to both ship size and annual transits. As
now conceived, the Deep Draft Lock Canal Plan could not accommodate thc larger attack
aircraft carriers of the U.S. Navy; the locks would be too narrow to hold angle decked ships.
This limitation could be overcome by providing a lane of locks with very low lifts, but such
an arrangement would add significantly to the transit time of all ships using that lane, and
would increase construction and operating costs. A preferable solution might be to provide
wider locks; however, this also would increase costs, especially those for lockage water
-j.,pply. Construction costs of a lock canal which would accommodate large carriers are

estimated to be approximately $2.3 billion. Annual operating costs for such a canal would
be about $78 million at 3.,000 transits per year.

Summary data: The characteristics of the Deep Draft Lock Canal Plan are given in
Table 11-1.

*me date of replacement cannot be predicted, but the year 2000 is beinS used in Annex III, Study of Canal Finance, as
the earliest probable data.
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TABLE 11-1

CHARACTERISTICS OF: ROUTE 15

Deep Draft Lock Canal Plan

Canal dimensions 500 ft x 65 ft (centerline depth 75 ft.)
Lock dimensions 160 ft x 1450 ftx 65 ft
Length of land cut 36 miles
Lenqth of approaches 20 miles
Design vessel 150,000 dwt
Capacity 35,000 transits/yr. (25 hrs average TICW)
Construction time 10 years
Excavation volume 560,000,000 cu. -d.

Cost of new locksa $550,000,000
Excavation cost $570,000,000
Other facilities $120,000,000
Continggncies $190,000,000
EDS&Au $100,000,000

TOTAL CONSTRUCTION COST $1,530,000,000

Operation and maintenance:c
Fixed costs $51,000,000/year
Variable costs $580/transit

aCost for a Route 15 option with locks which would accommodate a modern attack aircraft

carrier is estimated at $2.3 billion.
bEngineering, design, supervision, and administration.
Clf the deep draft locks were operated as an adjunct to the Panz:na Canal Company, the
Company's fixed operation and maintenance costs would be increased $13 million a year and
variable operation and maintenance would amount to $1,600 per transit for transits over26,800 a year. Of the $1,600, $800 is for pumping locakge water.
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TABLE 11-1

CHARACTERISTICS OF ROUTE 15 (Cont'd)

Favorable Unffvorable

Supporting Excellent faciiities exist in the Canal
facilities Zone and in the metropolitan arqa of

the Republic of Panama.

Existing harbor Excellent facilities exist in the Canal Existing facilities are not deep
facilities Zone in Limon Bay and at Balboa. enough to accommodate vessels

of 150,000 dwt.

Harbor Low-lying areas close to the ends All protected areas available for
potential of the alinement could be dredged expansion require dredging.

to provide more anchorage.

Approaches/ Approaches are relatively long.
coasts

Tidal Only very low currents exist in the No choice available to transit
currents sea-level sections. ships with following or against

breasting currents.

Routes of The Canal Zone and metropolitan
communication Panama provide excellent communi-

cations facilities; including a railroad,
trarisisthmian and coastwise roads,
airfields and water access through
the existing canal.

Terrain Construction could utilize the present
canal alinement and the Third Locks
excavations.

Geology The geology is well documented. Known areas of weak rock would
require flat slopes and extreme
care to avoid risks of slides blocking
the canal during excavation.

Flood control No additional stream diversion
end river would be necessary.
diversion

Local The affected area already supports
developi,,*nt interoceanic canal commerce, and

should accommodate construction
without any unusual stresses.
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TABLE 11-1

CHARACTERISTICS OF ROUTE 15 (Cont'd)

Favorable Unfavorable

Construction Access is very easy. The common There are risks of slides which
features labor supply is plentiful. A good might block canal traffic. Tight

data base exists to support design. traffic control woold be required
to minimize interference between
dumping scows and canal traffic.
Locks and gates would be massive
structures requiring special attention

Environmental Presence of locks pre.unts a If ocean water pumping is re-

impact substantial barrier to interoceanic quired, Gatun Lake would be-
biota transfer. Overall environ- come brackish and interoceanic
mental impact would be the transfer of biota would increase.
least of all canal alinements con- Spoil disposal in Gatun Lake
sidered. may affect the ecology adversely.

Expansion Another lane of locks and widening
possibilities of the Gaillard Cut for two-lane

traffic would be required. Further
expansion on this alinement would
be very costly.

Miscellaneous Construction would be in territory Lockage water for transits much over
now under U.S. administration. 15,000/year would have to be

provided by pumping sea water
or recirculating lake water.
Operation and maintenance custs
for a lock canal are inherently
higher than those of a sea-level
canal. Plans would not accom-
mnodate large attack aircraft
carriers. Capacity of the present
canal would be reduced dur*ng
several months of the construction
period.
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CHAPTER 12

ROUTE 5- NICARAGUA LOCK CANAL

Route 5 was considered only as a lock canal option. It was studied to determine
whether the best lock canal alternatives might lie along some other route than Route 15. A
more detailed discussion of Route 5 is presented in Appendix 11.

Accuracy of estimates: Analysis of Route 5 was based almost entirely on designs made
in connection with the canal studies of 1931 and 1947,8 12 topographic mapping
performed in 1966 by the Inter American Geodetic Survey and Army Map Service, and a
brief field reconnaissance made in 1969. Only a conceptual study was made of this
alternative and estimates of its costs are considerably less accurate than those for other
rottes.

Route 5 trace: (See Figure 12-1.) The Pacific terminus of Route 5 is near the village of
Brito, 10 miles northwest of San Juan del Sur. The trace follows the Rio Grande Valley 5
miles inland to Miramar, where twin triple-lift locks would raise ships to the level of Lake
Nicaragua which would be maintained between elevations of 105 and 110 feet. The
alinement continues up the Rio Grande Valley, crosses the Continental Divide at an
elevation of about 200 feet, and enters Lake Nicaragua 15 miles inland from the Pacific
Ocean. After a 70-mile-long reach across the lake, the land cut would begin again at San
Carlos where Lake Nicaragua drains into the San Juan River. The trace generally follows this
river for about 55 miles to its confluence with the San Carlos River where it bends eastward
to pass through a series of low hills. These hills culminate in the so-called East Divide which
the trace traverses at a peak elevation of nearly 400 feet. On the Caribbean side of the East
Divide a second set of locks would provide the transition to sea level. From this location the
trace follows the valley of the Deseado River, continuing ncrtheast for 14 miles through a
deltaic swamp to enter the Caribbean Sea about 4 miles north of San Juan del Norte
(Greytown). The Pacific approach is about 1 mile in length, that on the Atlantic about 3
miles. The total length of the route is 177 miles, including approaches. Except for Lake
Nicaragua and a narrow, highly-developed strip lying west of it, the region through which
the trace passes is covered by tropical forest in which the few inhabitants practice
slash-and-burn agriculture. A centerline profile of Route 5 is shown in Figure 12-2.

Construction: The most significant construction features of Route 5 wouid be
triple-lift, double-lane locks and extensive facilities to impound the San Juan River. The
locks, capable of carrying a 150,000-dwt tanker, would have dimensions of 160 by 1,450 by
65 feet. Although the height and width of the locks would require the use of large lock gates
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and machinery, their design and construction are within the capabilities of current
technology. A high-speed filling and emptyinp system would be needed to speed vessels
through the locks. Impoundment of the San Juan River would reduce excavation requirements
and possibly provide passing sections.

Since most streams in the area flow into Lake Nicaragua, requirements for river diversion
would be relatively small. It wouid not be ffifficult to regulate lake levels and the extensive
drainage area tributary to the lake would 'upply ample lockage water.

Because of tine lack of development in thi; region, most facilities required for
constructing and operating the canal would have to be provided. These would include an
,Hl-weather transisthmian highway; harbors; airfields; administrative, maintenance, and resi-

oential buildings; lateral roads, and highway bridges. The limited protection offered by both
coastlines and the poor foundation conditions on the Atlantic might dictate that harbor
facilities he located inland.

A lock cAnal on Route 5 would take about 12 years to build and would cost
approximately $6 billion. The nearly 2 billion cubic yards of excavation involved in the
project account for a large part of this cost.

Problem areas: The length of the canal prevents transits within the 20-hour average
TICW criteria. At rated capacity-25,000 annual transits-it is estimated that the average
TICW would be 36 hours. To achieve even these sub-standard conditions, two passing
sections must be installed-one immediately inland from the East Divide locks and the other
at the west end of Lake Nicaragua.

Provisions must also be made for potential seismic effccts associated with the volcanic
nature of the region.

The dimensions of Route 5 would not accommodate a 250,000-dwt ship under any
conditions. The locks would not pass a modem attack aircraft currier. To provide one lane
with locks big enough to carry these large ships would cost an additional $600 million.

Summary data: The characteristics of Route 5 are summarized in Table 12-1.
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TABLE 12-1

CHARACTERISTICS OF ROUTE 5

Canal dimensions 500 ft x 65 fta (centerline depth 75 ft)
Lock dimensions 160 ftx 1,450 ft x 65 ft
Length of land cut 173 miles
Length of approaches 4 miles
Design v 1sel 150,000 dwt
CapacityD 25,000 transits/yr (36 hrs. average TI CW)
Construction time 12 years
Excavation volume 1,700,000,000 cu. yd.

Cost of locks $ 1,20 0 ,000,0 00 c
Excavation cost $2,200,000,000
Other facilities $1,300,000,000
Contingqncies $ 600,000,000
EDS&Au $ 400,000,000

TOTAL CONSTRUCTION COST $5,700,000,000

Operation and maintenance:
Fixed cost $7 1,000,000/year
Variable cost $1,240/transit

alncludes 49 miles of two-lane channel necessary to obtain capacity.
bLength of canal prohibits operation within 20 hour TICW standard.
Clncludes the Conchuda Dam on the San Juan River.
dEngineering, design, supervision, and administration.

Favorable Unfavorable

Supporting The small city of Granada at the No facilities exist with substantial
facilities north end of Lake Nicaragua could capability of supporting con..

provide limited support. struction and operation of an
interoceanic canal.

Harbors Limited small boat facilities exist No deep draft facilities exist in
at San Juan del Sur. the vicinity of the route.

Harbor Good potential cexists at Salinas Potential sites on Atlantic are
pot•nttial Bay, .35 miles southeast of Brito. hampered by regular ooastline

and marshy terrain.
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TABLE 12-1

CHARACTERISTICS OF ROUTE 5 (Cont'd)

Favorable Unfavorable

Approaches/ Deep water is close in on bo No protected areas exist along
coasts roasts. Salinas Bay offers protection this stretch of the Atlantic

on the Pacific. coast.

Tidal Locks would prevent currents from No choice available to transit
currents interfering with navigation, ships with following or against

breasting currents.

Routes of Waterborne traffic exists on Lake No transisthmian road or rail-
mmmunication Nicaragud ,rnd-the San Juan River. road and no roads exist on the

The Pan American Highway crosses Atlantic side; no interior roads
the alinement between Brito and lead east fiom Lake Nicaragua.
Lake Nicaragua. Managua has the nearest all-

weather airfields

Terrain Spoil disposal areas are readily There are two mountain ranges
available. Maximum cut would to traverse. Much of the land cut
be oniy 400 feet above sea level, on the Atlantic side is heavily
Topography of the San Juan River forested. The Atlantic coastal
Valley is suitable for an extension region is a swampy alluvial
of the ievel of Lake Nicar-igua plain. Only the divide region is
over 50 miles downstream by relatively cleared.
construftion of a dam.

Geology Very little is known of sub-
.urface conditions. This is an
a:ea of volcanic activity.

Flood control Flood diversion problems would A large impounding dam would
nd river be minimized by use of Lake be required to bring the San Juan

diversion ;Jicaragua as a summit pool. Lake River up to summit pool eleva-
provides adequate water for tion.
operations.

nstruction Access would be relati,, -ly easy The locks and lock gates would
features by Lake Nicaragua and the San be massive structures requiring

Juan Valley. specis; attention. The level of
Lake Nicaragua must be main-
tained.
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TABLE 12-1

CHARACTERISTICS OF ROUTE 5 (Cont'd)

Favorable Unfavorable

Environmental A large choice of spoil disposal
impact areas exists. A small number of

inhabitants would be displaced.
Detrimental environmental im-
pact would be minimized.

Expansion No technical or construction The Aeed for additional locks and
possibilities problems are foreseen that would bypasses would make expansion

be different from those encountered very expensive.
in the original construction.

Local The area east of Lake Nica. agua
development is almost completely undevemoped.

There are scattered patches of sub-
sistence agriculture in the jungil.
Population density is about five
people per square mile.

Miscellaneous Of the routes studied inis is the To take advantage of the exist-
shortest lock canal route from ing San Juan River Valley, the
New York to San Francisco. route woul Id be relatively angular.
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One of the larger ships that use the Panama Canal. Note Large ships such as this require tugs to assist them in
the small clearance between the ship and the lock wall passing through the Panama Canal

The Caiflard behi,, widened using a lmg pipeline dredge.

The Panama Canal Company is undertaking a program to increase the capacity of the canal. A major item, widening the
Gaillard Cut from 300 to 500 feet, was completed in 1970.
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CHAPTER 13

ROUTE ,-NICARAGUA-COSTA RICA BORDER REGION SEA-LEVEL CANAL

RouTe 8 was considered for both all-conventionally excavated and all-nuclear excavated
sea-level options. Two different aiinements were studied, permitting full reaiization of the
capabilities of eech method of excavation. A more detailed discussion of this route is
included in Appendix 11.

Accuracy of estimates: Analysis of Route 8 was based largely on data assembled in
connection with previous studies,1 0 12 supplemented by subsequent topographic surveys.
Geologic conditions along this route are poorly defined. Because of the lack of data on the
route, the analysis of alternatives for its construction, and their costs, were not refined to
the degree achieved for other routes.

Route 8 trace: (See Figure 13-1.) The nuclear route starts in Salinas Bay on the Pacific
Ocean near the Nicaragua-Costa Rica border. Its alinement runs northeastward 12 miles
across the Continental Divide and down the Sapoa River Valley. Five miles from Lake
Nicaragua it bends eastward, then southeastward, paralleling the southern shore of the lake
approximately 5 miles inland. It passes through the marshy lower edge (average elevation
110 feet) of the San Carlos Plains on the Costa Rican side of the international boundary.
Beyond the southern tip of the lake the route turns east, crossing the San Juan River south
of the village of El Castillo. Continuing eastward, it passes through a 30-mile reach of the
eastern cordillera before dropping into the In~lio Rivet, delta on the Atlantic coast. The total
length of this alinement is 140 miles; the peak elevation at its western end is about 1,000
feet, while that on the East Divide is nearly 900 feet. Except in the Sapoa Valley, the region
through which the trace passes is undeveloped and heavily forested; its few inhabitants
practice subsistence agriculture.

The conventionally excavated canal alinewment also starts in Salinas Bay but follows a
small valley up to the Continental Divide which is only 3 miles from the coast. After
crossing the divide, it turns abruptly northward to foilow the Sapoa River toward Lake
Nicaragua. Two miles from the lake, the trace turns eastward about 120 degrees to parillel
the shoreline at an average distance of 2 miles. This portion of the route generally follows
the international boundary on the Nicaraguan side, intersecting the San Juan River 10 miles
downstreanm fom the southeastern tip of Lake Nicaragua. From that point the trace follows
the San Juan River to a point about 5 miles above its confluen.e w;th the San Carlcs River.
There it turns generally eastward in a 25-mile cut through the eastern cordillera. After
passing through a marshy coastal plain for 10 miles, the alinement enters the Caribbean
between the mouths of the Indio and the San Juan Rivers. Its total length is 176 miles,
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including approaches. The peak elevation on the Continental Divide is arproximately 750
feet; on the East Divide it is about 400 feet.

Profiles of both alinements, based on maps prepared by the Inte: American Geodetic
Survey and the Army Map Service, are shown in Figures 13-2 and 13-3.

Construction: The nuclear alinement would take approximately 12 years to build and
would cost more than $5 billion. Its excavation would require abeut 740 separate nuclear
explosive charges with yields ranging from 200 kilotons t0 3 megatons. These would be
detonated in groups; nearly 80 separate detonations would be required. The largest total
yield for a single detonation, the Continental Divide cut, would be 12.5 megatons.

Constiaction of the conventionally excavated sea-level canal, with a by-pass to provide
the required transit capacity, would take aboit 18 years and would cost approximately $11
billion. The principal element in this cost would be excavation, estimated to be about 7
billion cubic yards. Most of this would be accomplished by open-pit mining techniqiies using
rail haul of spoil to lateral disposal areas.

Bo&1. Rcate 8 options require regulation of the San Juan River. This would involve a
substantial engineering effort, including damming the river below San Carlos to regulate
Lake Nica..agua and providing appropriore inlet works with energy dissipation structures at
the junction of the canal and the river:. Streams flowing northward across the San Carlos
ilains into Lake Nicaragua would be intercepted and their flows brought into the canal
thiougl inlet structures.

Because of 1he lack of development in tiis area, all facilities required for building and
operating a canal would have to be provided. These would include an all-weather
transisthmian highway, port facilities, airfields, administrative and residential facilities,
lateral roads, and highway bridges.

Problem areas: Nuclear excavation would involve an extremely costly safety program.
The minimum exclusion area would cover more than 20,000 square miles, inclucling about a
third of Costa Rica (see Figure 13-4). Nearly 675,000 people would have to be evacuated
during nuclear detonation periods. The large area specified for evacuation was dictated by
highly conservative airblast considerations. The area would be significantly smaller and
much less costly to evacuate if radioactivity and seismic effects were the controlling factors,
but the total number of people involved would still be much larger here than on any other
nuclear route considered in this study.

Route 8 Conventional is longer than any other route selected for this study, and it has
the greatest angularity, two features which would adversely affect operation of the
completed canal. Its length also would tend to increase the need for passing sections to
obtain additional transiting capacity.

The extensive river systems crossing these alinements and the need to maintain the
elevation of Lake Nicaragua present major problems. The drainage area of the lake covers
10,000 square miles, from which nearly all runoff flows down the San Juan River to the
Caribbean Sea. In periods of peak flow the San Juan River discharges 70,000 cfs, most of
which would have to be diverted from the canal. A 60-mile dike constructed from excjvated
spoil might be required south of Lake Nicaragua to ,asure separation of the lake waters
from the canal and to sustain the desired lake elevation.
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Knowledge of the geology at the canal cut depths is limited. The presence of volcanic
activity and the flat terrain south of Lake Nicaragua suggest that there may be weak
materials such as have been found on other routes where extensive subsurface investigations
have been made. If prese: It, these materials would increase construction costs.

The terrqip, which is almost completely covered by dense jungle and extensive marshy
areas, would hinde- aontruction. Access to the route by means other than water ii
extremely limited except at its western end. The canal would cut off the San Carlos Plains
from the lake. Access to construction sites might be complicated by political problems
growing out of the proximity of the trace to the international boundary in this reach.

Summary data: The characteristics of the nuclear alinement are summarized in Table
13-1; those of the conventionally constructed alinement are in Table 13-2
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TABLE 13-1

CHARACTERISTICS OF ROUTE 8 NUCLEARa

Canal dimensions 1,000 x 75 feet (minimum)
Length of land cut 133 miles
Length of approaches 7 miles
Design vessel 250,000 dwt
Capacity 200,00e transits/yr (20 hrs average TICW)

Construction time 12 years

Excavation col $ 850,000,000
Other facilitiesD $3,350,000,000
Contingencies $ 630,000,000
EDS&Ac $ 340,000,000

TOTAL CONSTRUCTION COST $5,170,000,000

Operation and maintenance:

Fixed costs $50,0C0,000/yeqr
Variable costs $1,100/transit

aBased on nuclear excavation throughout the length of the route, except for the ocean
approaches which would be 1400 by 85 feet.

blncludes evacuation costs.
cEngineering, design, supervision and administration.

Favorable Unfavorable

Supporting The small city or Granada on the None exist capable of providing
facilities north end of Lake Nicaragua could substantial support to construction

provide limited support. and operation of the interoceanic
canal.

Harbors Limited small boat facilities exist No deep draft facilities exist in
at San Juan del Sur. the vicinity of the route.

Harbor Good potertial exists in Salinas Potential sites on the Atlantic are
potential Bay. limited by regular coastline and

marshy terrain.

Approaches/ Deep water lies close in on both No protected areas exist along
coasts coasts. Salinas Bay offers pro- this stretch of the Atlantic coast.

tection on the Pa:ific.
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TABLE 13-1

CHARACTERISTICS OF ROUTE 8 NUCLEAR (Cont'd)

Favorable Unfavoi'able

Tidal Currents in the canal would reach
currents two knots only occasionally.

Routes Waterborne traffic operates on Lake No transisthmian road or rail-
of communica- Nicaragua and the San Juan River. road exists. There are no roads
tion The Pan American Highway runs on the Atlantic side or in the

along the divide 5 miles from the interior to the upper San Juan
Pacific terminus. Valley. No all-weather airfields

exist nearer then San Jose and
Managua.

Terrain The heavily jungled central plain
with extensive marshy areas and
the low-lying Atlantic coastal
plain may present problems.
Maximum elevation is 1,000
feet.

Geology Surface geology along the San Juan Knowledge of subsurface geology
River indicates cunditions favorable is limited. The critical area south
for nuclear excavation, of Lake Nicaragua is very un-

certain. This is an area of volcanic
activity.

Flood control Extensive flood control facilities
and river diversion are required for the San Jua.n

River and streams flowing north
into Lake Nicaragua and the San
Juan River.

Construction Accessibility to the reach skirting The level of Lake Nicaragua must
features Lake Nicaragua is relatively easy. be maintained. This may be crit-

ical if the alluvial material south
of the lake does not remain stable
under ground motion from re-
peated nuclear explosions.

Environmental The large area of the San Carlos
impact Plains would be cut off from

access to the lake.
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TABLE 13-1

CHARACTERISTICS OF ROUTE 8 NUCLEAR (Cont'd)

Favorable Unfavorable

Nuclear Airblast effects and close-in fallout Airblast may cause damage in
effects should be contained within ex- San Jose and Managua, and the

clusion area. adjacent metropolitan areas of
Costa Rica and Nicaragua.

Exclusion Exclusion area is 150-200 miles
area wide and covers an area of 21,000

sq. mi. in which 675,000 people
live.

Expansion Expansion is not considered
possibilities necessary.

Local The region is basically undeveloped. Ranching is found on cleared land
dEvelopment Patches of subsistence agriculture in the divide area where the popu-

are scattered throughout the jungle lation density is about 25 people
where the population density is per square mile. A few small villages
about five people per square mile. are located in to-,e area between

Salinas Bay and Lake Nicaragua.

Miscellaneous This is a short route from New York Construction takes place in two
to San Francisco compared to others different countries.
considered.
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TABLE 13-2

CHARACTERISTICS OF ROUTE 8 CONVENTIONAL 8

Canal dimensions 550 x 75 ft (85 ft maximum depth)
Length of land cut 169 miles
Length of ap Croaches 7 miles
Design vesselu 150,000 dwt
Capacity 35,000 transits/yr (30 Firs. average TICW)
Construction time 18 years
Excavation volume 7,000,000,000 cubic yards
Excavation e.st $8,000,000,000
Other facilities $1,200,000,000
Contingencies $1,100,000,000
EDS&Ac $ 700,000,000

TOTAL CONSTRUCTION COST $11,000,000,000

Operation and maintenance:
Fixed costs $50,000,OUO/year
Variable costs $1,200/transit

aBased on a design channel with a 29-mile bypass and 1400- by 85-foot ocean approaches.

bA 250,000-dwt ship could transit under all expected currents.

cEngineering, design, supervision and administration.
......------------------------ -.. ..--------...... o- . ....... -.. ...... - ...

Favorable Unfavorable

Supporting The small city of Granada on the None exist capable of providing
facilities north end of Lake Nicaragua could substantial support to construc-

provide limited support. tion and operation of an inter-
oceanic canal.

Harbors Lirf ited small boat facilities exist No deep draft facilities exist
at .,an Juan del Sur. in the vicinity of the route.

Harbor Good potential exists in Salinas Potential sites on the Atlantic are
potential Bay. limited by regular coastline and

marshy terrain.

Approaches/ Deep water lies close in on both No protected areas exist along
coasts coasts. Salinas Bay offers protection this stretch cf the Atlantic coast.

on the Pacific.

Tidal No currents over 1½ knots would
currents occur in the canal.
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TABLE 13-2

CHARACTERISTICS OF ROUTE 8 CONVENTIONAL (Cont'd)

Favorable Unfavorable

Routes of Waterborne traffic operates on Lake No transisthmian road or rail-
communication Nicaragua and the San Juan River. road exists. There are no roads

The Pan American Highway runs on the Atlantic side or in the
along the divide 5 miles from the interior to the upper San Juan
Pacific terminus. Valley. No all-weather airfields

exist nearer than San Jose and
Managua.

Terrain Spoil disposal areas are available. Two mountain ranges cut across
the alinement. A heavily jungled
central plain with extensive
marshy areas inhibits access.
The Atlantic coastal plain is
marshy and heavily forested.
Maximum elevation is 750 feet.

Geology Surface geology along the San Juan Knowledge of subsurface geology
River indicates conditions favorable is limited. This is an area of
for canal construction. volcanic activity.

Flood control Extensive flood control facilities
and river diversion are required for the San Juan

River and streams flowing north
into Lake Nicaragua and into
the San Juan River.

Construction Accessibility to the reach The level of Lake Nicaragua must
features skirting Lake Nicaragua is relatively be maintained. This may present

easy. a problem because of the alluvial
area south of the lake.

Environmental A very small number of inhabitants A large area of the San Carlos
impact would be displaced. Plains would be cut off from

access to the lake.

Expansion No physical problems are foreseen Expansion would be relatively
possibilities which would not be encountered costly because of the length of

in the original construction. the route and the deep divide

cuts necessary.
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TABLE 13-2

CHARACTERISTICS OF ROUTE 8 CONVENTIONAL (Cont'd)

Favorable Unfavorable

Local The region Is basically undeveloped. Ranching is found on cleared land
Wvelopment Patches of subsistence agriculture in the divide area where the popu-

are scattered throughout the jungle lation density Is about 25 people
where the population density is per square mi!e. A few small
about 5 people per square mile. villages are located in the area be-

tween Salinas Bay and the lake.

Miscellaneous This is a short route from New York This is a very angular alinement.
to San Francisco compared to Construction would take place
others considered, in two different countries.
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A field hydrologist measures the flow of th'e Atrato River.

Rain puges and stream flow installations iuch as this Geologists examine rock outcroppngs along ihe Tnzando
were constructed along both Routes 17 and 25. River near Terealta.

Much of the data *.ollection activity was centered about the streams along Routes !7 and 25. N~ative waterborne
transportation was used extensively.
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CHAPTER 14

ROUTE 10-ISTHMUS OF PANAMA SEA-LEVEL CANAL

Route 10 was considered for conventional excavation only. Its proximity to the
Panama Canal and built-up areas in arid adjacent to the Canal Zone makes it impractical to
employ nuclear excavation techniques in its construction. Various options were investigated,
including several different navigation prisms, operating the canal with and without a bypass,
and operating it with and without tidal checks.

Accuracy of estimates: Adequate data are available for assessing the engineering
feasibility of constructing a canal along this route. Climatic, hydrologic, and geologic
records for the Canal Zone area have been kept for nearly 100 years.' The climatic and
hydrologic records generally can be extrapolated to Route 10, and onsite geologic
investigations were conducted to answer specific questions relating to this route. In general,
the accuracy of Route 10 estimates is considered to be good.

Route 10 trace: (See Figure 14-1.) The Pacific terminus of Rout,, 10 is at the town of
Puerto Caimito at the mouth of the Caimito River. The trace follows the river
northwestward for 5 miles, crossing the Pan American Highway about 3 miles northeast of
La Chorrera. It continues to the north through generally open, rolling terrain; crosses the
Continental Divide through the Chorrera Gap; and parallels the Pescado River until it
reaches an arm of Gatun Lake at La Laguna. Turning in a more westerly direction, the trace
continues over relatively flat terrain and crosses the Trinidad Arm of Gatun Lake, to a point
about 3 miles southwest of the town of Escobal. From there it runs northwesterly through
low ridges which become more open toward the coast. It enters the Atlantic at the town of
Lagarto. The Atlantic approach channel would be only two miles long; however, that on the
Pacific would require 15 miles of underwater excavation, extending past Taboga Island. The
total length of this alinement, including approaches, is 53 miles; its peak elevation is about
400 feet. Lumbering operations in the area are gradually converting the jungle into pasture
land. A few farms are found near the Pacific end. A route profile is shown in Figure ! 4.2.

Construction: Most of the excavation along Route 10 would employ open-pit mining
techniques, using rail haul for spoil disposal. Truck haul would be used at higher elevations,
while dredges would excavate the approach channels and the layer of muck at the bottom of
Gatun Lake. Barrier dams would maintain Gatun Lake at levels needed for operating the
Panama Canal during construction, at the same time permitting excavating at controlled
water levels or in the dry. Muck underlying the sites of these dams would be removed by
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hydraulic dredging, after which spoil from dry excavation v, ould be brought in to construct
the embankments.

Diversion of streams on Route 10 would be relatively simple because their drainage
basins are small, Most of them would be diverted into the Caribbean Sea: the Caimito River
would be the only stream of consequence to discharge into the canal.

Because construction and operation of Route 10 could be supported largely from
existing facilities in the Canal Zone and the metropolitan area of Panama, supporting
construction requirements would be minimal. Rcquired items would include a transisthmian
highway, crossing Gatun Lake over the barrier dams; breakwaters on the Caribbean coast; a
jetty on the Pacific; and a high-level bridge over the canal.

Reduction of tidal currents would require the use of tidal checks. Under a 2-knot
current limitation, expansion beyond the minimum design capacity would require
construction of a bypass. The alinement is well suited for a centrally-located bypass,
excavated through the Gatun Lake reach.

The design channel would cost about $2.88 billion and take 14 years to construct,
including 2 years for preconstruction design. Inclusion of a centrally-located bypass would
raise construction costs to about $3.3 billion. Subsequent expansion of the canal's capacity
by providing for two-way traffic would be relatively simple; however, it would require large
cuts through high ground.

Problem areas: The most critical engineering problems involve the geology of the divide
area which consists, in large part, of a hard basalt cap overlying much weaker materials. Soft
rocks, similar in strength to those along the Panama Canal, are found at the depth of the
navigation channel. These highly altered volcanic rocks have the undesirable properties of
clay shales. Slope angles required for stability in the divide area would have to be verified
through detailed investigations or modified by observation during construction.

In the design of the barrier dams, particular attention must be given to the poor
foundation material in Gatun Lake and to the stability of fill material in embankments.
Throughout the construction period, the lake would have to be maintained at its present
level: thus, hydraulic heads exceeding 150 feet would exist when dry excavation reaches the
bottom of the cut. Although failure of these dams is highly unlikely, it would have
disastrous effects not only on construction of the sea-level canal but on the operation and
safety of the Panama Canal as well.

The relatively short length of this alinement and the high Pacific tides would cause
currents greater than 2 knots in an unrestricted channel for short periods of almost every
tidal cycle. Unless experience proves that ships can transit safely in currents faster than 2
kaiots, continuous use of tidal checks would be required. This would limit capacity to
38,000 transits per year.

Physical -onditions at either end of the alinement are not favorable to shipping. On the
Atlantic side, breakwaters would be necessary to overcome the lack of natural protection.
The Pacific offers more protection but the approach channel would have to be dredged
about 15 miles into the Gulf of Panama.

Summary data: Characteristics of Route 10 are summarized in Table 14--I.
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TABLE 14-1

CHARACTERISTICS OF ROUTE 108

Canal dimensions 550 x 75 ft (85 ft. maximum depth)
Length of land cut 36 miles
Length of apcrmaches 17 miles
Design vessel 150,000 dwt
Cipecityc 38,000 transits/yr (20 hrs ave: 3ge TICW)
Construction time 14 years (includes 2 years for design)

Excavation volume 1,870,000,000 cu. yd.
Excavation cost $2,030,000,000
Other facilities $ 370,000,000
Contingqrncies $ 290,000,000
EDS&A $ 190,000,000

TOTAL CONSTRUCTION COST $2,880,000,000

Operation and maintenance:
Fixed costs $35,000,000/year
Variable costs $640/transit

aBased on a 36-mile design channel and 1400-by 85-foot ocean approaches. Additional
cost of a 14-mile bypass constructed after the canal has been placed in operatiorn would
be $460,000,000, which would allow 56,000 transits a year.b2W,0 0 0 dwt ships could transit in favorable currents.

cBases on operation of tidal checks to limit current to a maximum of 2 knots.
dEngineering, design, supervision, and administration.

Favorable Unfavorable

upporting Excellent facilities are available
facilities in the Canal Zone and in the metro-

politan areas of the Republic of
Panama.

Existing Excellent facilities exist in the Canal Existing facilities would need
harbor Zone in Limon Bay and at Balboa. deepening and enlarging to hold
facilities large vessels.

Harbor In the immediate area of the
potental alinement, harbor potential is

very poor on the Atlantic and
poor on the Pacific.
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I
TABLE 14-1

CHARACTERISTICS OF ROUTE 10 (Cont'd)

Favorable Unfavorable

Approaches/ Deep water is close in on Approach on the Pacific is 15
coasts the Atlantic side. miles long; approach on the

Atlantic has no natural protection.

Tidal Currents would exceed 2 knots
currents on almost every tidal cycle. Con-

tinuous use of tidal gates may be
required.

Rouws ot The Canal Zone and metropolitan Gatun Lake would inhibit trans-
communication Panama provide excellent commun- isthmian overland traffic along

ications facilities, including a trans- the alinement until the barrier
isthmian railroad, transisthmian dams are finished. There is no
and coastwise roads, airfields and transisthmian road in the imme-
water access through the lock'canal. diate vicinity of the alinement.

Terrain The alinement crossos the most Uncleared terrain is covered
cleared and even terrain of all with thick tropical forest.
routes except those in the Canal
Zone.

Geology Atlantic highlands are composed Intercalated hard rocks and weak
of rock of intermediate quality clayey materials in the divide cut
which combines relative ease of present problems in designing
excavation with relatively good stable slopes. Geologic condi-
stability. tions vary greatly throughout

the alinement.

Flood control This route has the smallest trib- Permanent barrier dams will be
and river utary drainage area of any route and required across two arms of Gatun
diversion the smallest requirement for flood Lake.

diversion facilities.

Construction The supply of common labor is Gatun Lake barrier dams would re-
features good and access is relatively quire very flat slopes because of

good. questionable fill material and the
consequences of dam failure.
Tidal gates would be massive struc-
tures requiring special attention.
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TABLE 14-1

CHARACTERISTICS OF ROUTE 10 (Cont'd)

Favorable Unfavorable

Environmental Local impact should be minimal. A strip about 10 miles wide
impact The entire region is based on a between Route 10 and the

canal economy, present canal would be isolated.

Expansion Construction of a bypass would Expansion to a two-lane configura-
possibilities be fairly simple. tion would require cuts through

higher elevations than the original
alinement.

Local The jungle is being cleared for Population density varies from
development ranching, making access easier. 5 to 25 persons per square mile.

Lagarto and Puerto Caimito support Land is being developed now;
small fishing fleets. The general area land acquisition costs will
already supports interoceanic ranal rise.
commerce, and should accommodate
construction of a sea-level canal
with little stress.

Miscellaneous Route 10 offers the easiest route The barrier dams would reduce
to operate in conjunction with the inflow to Gatun Lake which
present lock canal. would affect supply of Iockage

water for the present canal
during and after consr: action.
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CHAPTER 15

ROUTE 14-PANAMA CANAL ZONE SEA-LEVEL CANAL

Route 14 was considered for conventional excavation only; its proximity to the existing
canal makes nuclear excavation infeasible. There are two different alinements along this
route: Route 14 Combined (14C) and Route 14 Separate (14S). Route 14C would make
maximum use of the existing divide cut, thereby reducing excavation volume; while Route
14S would pass through a new and separate divide cut, thereby reducing interference with
traffic in the Panama Canal. Both alternatives were investigated in detail.

Accuracy of estimates: The data available for an engineering feasibility study of Route
14 are extensive and of good quality. Climatic, hydrologic, and geologic records in the
immediate area go back nearly 100 years. The Panama Canal Company has had extensive
experience in dealing with slope stability problems. Consequently, estimates of excavation
volumes for Route 14 are considered more accurate than those of other routes.

Route 14C trace: (See Figure 15-I.) On the Pacific side, Route 14C coincides with the
approaches to the present lock canal until it reaches the Pacific Third Locks cut where it
changes direction slightly to pass southwest of Miraflores and Pedro Miguel Locks.
Following generally the alinement of the Panama Canal northeast of Cerro Gordo. it
continues toward Gatun Lake, keeping southwest of the present canal until it reaches the
Darien peninsula. Timing slightly northward then, it passes Barro Colorado Island on the
east, touching the end of Bohio Peninsula. There the trace turns to the north across Gatun
Lake and enters the Atlantic Third Locks cut. From that point, it follows the present canal
into the Caribbean. The Pacific approach channel is 13 miles long; that on the Atlantic is 8.
The total length of this alinement, including approaches, is 54 miles; the highest elevation
along the centerline is about 400 feet.

Route 14S trace: (See Figure 15-1.) The trace of Route 14S is identical to that of
Route 14C, except for an 8-mile reach through the Continental Divide. The routes diverge at
the Pacific Third Locks cut. Route 14S runs 1 to I mile southwest of Route 14C, passing
north of Cerro Gordo and rejoining Route 14C east of the Mandinga River. Its length,
including approaches is 54 miles: its peak elevation along the centerline is 450 feet. Figures
15-2 and 15-3 show centerline profiles of the routes.

Construction: Each Route 14 option would require two principal excavation efforts:
dredging across Gatun Lake and cutting through the divide. Across Gatun Lake, where the
alinements coincide, deep dredging techniques would be employed, using hydraulic dredges
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for soft muck, dipper dredges for rock at shallow depths and barge-mounted draglines for
rock below elevation +15 feet. Construction plugs would keep the lake at its present level
(+85 feet) to sustain operations in the Panama Canal while this work is being accomplished.
Scows would move excavated material to underwater spoil areas in the lake. Much of this
material would be used as fill in the permanent flood control dams on either side of the
alinement. Where practicable, shovels and large dump trucks would be employed to excavate
the higher elevations. As the final step of the construction phase, Gatun Lake wouid be
drawn down and the sea-level canal placed in operation. Pools behind the flood control
dams would be maintained at an elevation of 55 feet.

Through the Route 14C divide reach, material above the level of Gatun Lake would be
excavated in the dry using shovels, with truck and rail haul to disposal areas. This would
remove about 70 percent of the divide material. The dredging techniques employed in
Gatun Lake also would be used to excavate the renwaining material, with spoil hauled in
scows to the lake. Along the Route 14S alinement, about 80 percent of the material could
be removed by open-pit mining/rail haul methods; the remainder would be excavated by
dipper dredges and hauled in scows to Gatun Lake and the Pacific Ocean.

Except for the Chagres River on Route 14C, flood control and stream diversion on
either route involves no serious problems. The two major reservoirs remaining in the Gatun
Lake basin would be discharged into the Caribbean, one through the spillway at Gatun, the
other through a new outlet east of Cristobal. The Chagres River would be diverted to the
Pacific through the existing canal if Route 14S were built, however, if the canal lay along
Route 14C, the flow of the Chagres would have to be carried in the navigation channel.
Smaller streams in either case would be channeled into the canal through inlet structures.

Costs of facilities to support construction and operation of Routes 14C and 14S are
affected by the existing state of development within the Canal Zone. The necessary harbors,
communications, and utilities already exist and can be used as they are. Other facilities such
as channels and anchorages might have to be modified. In general, however, mobilization for
construction on this route would be easier than on any other route.

The minimum project for either Route 14 alinement would have two-lane (1,400 feet)
;,pproaches and a 33-mile single-lane section cut to design channel dimensions. Tidal checks
would be installed to maintain current velocities at 2 knots or less. This configuration would
provide more than the initial design capacity.

On Route 14C such a canal would cost approximately $2.93 billion and would take
about 13 years to design and construct. Along Route 14S its cost would be approximately
$3.04 billion: it would require nearly 16 years to complete. In either case, transiting
capacity could be increased by extending the two-lane Atlantic approach 9 miles across
Gatun Lake at an additional cost of about $430 million.

Problem areas: The geology of the divide reach is known to be poorly suited for deep
cuts. Route 14S was proposed as a means of lessening the possibility of slides blocking the
Panama Canal for long periods during construction of a sea-level canal. The risk of severe
blockage would be reduced at the price of greater excavation volumes and longer
construction time. Even so, there would remain some risk of major slides into the present
canal.
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Conversion of the canal's operations from locks to sea level would be complex and
difficult and would take between I and 3 months, during which time all Panama Canal
traffic would stop. This transition would require removing the construction plugs
maintaining Gatun Lake, thus draining the canal to sea level and lowering the remainder of
Gatun Lake to approximately elevation 55 feet. The rapid drawdown of water levels would
develop seepage pressures which might lead to serious slope stability problems, particularly
on Route 14C.

The poor foundation material underlying the flood control dams and the possible
instability of their fill material would be countered by making them massive and by building
them on a blanket of select material. Construction of these dams in water depths up to 80
feet would demand special care. Because the Gatun Lake reach would be excavated by
dredging, the hydraulic head on these dams would not be as great as that developed on the
Route 10 barrier dams.

Strict traffic control would be required during construction on both Route 14
alinements, but particularly on Route 14C where the sea-level canal would generally follow
the existing canal through the divide. Bottom dump scows would ply between dredging
areas in the cut and spoil areas in Gatun Lake. The proposed alinements would cross the
present navigation channel twice in the lake and would coincide with the existing canal in
both approaches to Gatun Lake. Consequently, construction traffic would present hazards
to and interfere with transiting vessels at a time when the Panama Canal would be
approaching the limit of its traffic capacity.

The topography of Route 14 does not lend itself readily to a bypass. However,
increased capacity could be achieved by widening the channel in from the Atlantic Coast
and across Gatun Lake to two lanes and reducing the length of the single-lane section.

Currents would exceed 2 knots on almost every tidal cycle and would exceed 4 knots
on 35 percent of the cycles. Unless experience proves that ships can transit safely in ciirrents
faster than 2 knots, continuous use of tidal checks would be required.

Summary data: The characteristics of Routes 14C and 14S are summarized in Tables
15-1 and 15-2, respectively.
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TABLE 15-1

CHARACTERISTICS OF ROUTE 14Ca

Canal dimensions 550 x 75 ft (85 ft maximum depth)
Length of land cut 33 miles
Length of approaches 21 miles
Design vesselD 150,000 dwt
Capacityc 39,000 transits/yr (20 hrs average TICW)
Construction time 13 years (includes 2 years for design)

Excavation volume 1,600,000,000 cubic yards
Excavation cost $2,120,000,000
Other facilities $ 330,000,000
Contingencies $ 290,000,000
EDS&Au $ 190,000,000

TOTAL CONSTRUCTION COST $2,930,000,000

Operation and maintenance:
Fixed costs $33,000,000/year
Variable costs $640/transit

aBased on a 33-mile design channel and 1400- by 85-foot approaches. Reducing the single
lane length to 24 miles would cost $430,000,000 more and increase transit capacity to
55,000/year.

b250 ,000 dwt ships could transit in favorable currents.

CBased on operation of tidal checks to limit current to a maximum of 2 knots.

dEngineering, design, supervision and administration.

Favorable Unfavorable

Supporting Excellent facilities exist in the Canal
facilities Zone and in the metropolitan areas of

the Republic of Panama.

Existing Excellent facilities exist in the Canal Existing facilities would need
harbor Zone in Limon Bay and at Balboa. deepening and enlargement to
facilities hold large vessels.

Harbor Low-lying areas alorZ zdjacent -oasts All protected areas available
potential cu• be dredged to prv-,k-e more for expansion require dredging

anchorags and berthing.

Approaches/ Approaches are relatively long.
coasts
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TABLE 15-1

CHARACTERISTICS OF ROUTE 14C (Cont'd)

Favyrable Unfavorable
Tidal Currents would exceed 2 knots
currents obi almost every tidal cycle and

would exceed 4 knots on 35% of
the cycles. Continuous use of
tidal gates is likely.

Routes of The Canal Zone and metropolitan
communication Panama provide excellent commun-

ications facilities, including a
transisthmian railroad, trans-
isthmian and coastwise roads, airfields
and water access through the lock
canal.

Terrain The alinement generally follows the
lock canal alinement, with the benefit
of low elevations and cleared land.
Gatun Lake is the dominant feature.

Geology Geology along Route 14 is the best Known areas of weak rock would
known of all the routes. require flat slopes and extreme

care to avoid risks of slides
blocking the canal. Flood
control dams across Gatun Lake
would rest on poor material.

Flood control Sixteen miles of massive flood
and river diversion control dams would be required

in Gatun Lake and lowering of the
the lake level would be required
during conversion. Chagres River
flows would have to drain into
the sea-level canal.

Local Land development in the construc-
development ti~n area hos been restricted. The

region already supports inter-
oceanic canal commerce, and
should accommodate construction
of a sea-level canal with little stress
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TABLE 15-1

CHARACTERISTICS OF ROUTE 14C (Cont'd)

Favorable Unfavorable

Construction Access is relatively easy. The supply A slide which could block canalfeatures of common labor is plentiful. traffic for a long time is pos-
sible, especially during conver-
sion. This problem :s more
critical on Route 14C than 14S.
Tight traffic control is essential to
minimize interference between
dumping scows and canal traffic.
This problem is also more serious
on Route 14C. Loss of Gatun
Lake must not be risked. Tidal
gates would be massive structures
requiring special attention.

Environmental More land would be opened for Spoil disposal in Gatun Lake andimpact possible development by lowering lowering of the lake level will
the lake level. The tropical en- adversely affect the lake's
vironment would soon repair ecology.
damage caused by lake lowering.

Expansion Shortening the length of the one- Expansion to a 2-lane configura-possibilities way reach would be fairly simple. tion would require deep cuts
through areas of known instability.

Miscellaneous Construction would take place Construction of this route would
within the Canal Zone. eliminate permanently the present

lock ;anal as an operable alter-
nate route.

I
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TABLE 15-2

CHARACTERISTICS OF ROUTE 14Sa

Canal dimensions l50 x 75 ft (85 ft maximum depth)
Length of land cut 33 mW!es
Length of approaches 21 mils
Design vesselu 150,000 dwt
Capacioyc 39,000 zransits/yr (20 hrs average TICW)
Constrction time 16 years (includes 2 years for design)

Excavation volume 1,956,000,000 cubic yards
Excavation cost $2,210,000,000
Other facilities $ 330,000,000
Contingncies $ 300,000,000
EDS&Au $ 200,000,000

TOTAL CONSTRUCTION COST $3,040,000,000

Operation and maintenance:
Fixed costs $34,000,000/year
Variable costs $640/transit

Based on a 33-mile design channel and 1400- by 85-foot approaches. Reducing the
single lane length to 24 miles would cost $430,000,000 more and increase transit
capality to 55,000/year.

b250,000 dwt ships could transit in favorable currents.

Based on operation of tidal checks to limit current to a maximum of 2 knots.
dEngineering, design, supervision and administration.

Favorable Unfavorable

Supporting Excellent facilitos exist in the Canal
facilities Zone and in the metropolitan areas

of the Republic of Panama.

Existing Excellent faci!ities exist in the Canal Existing facilities would need
harbor Zone in Limon Bay and at Balboa. deepening and enlargement to
facilities hold larger vessels.

Harbor Low-lying areas along adjacent coasts All protected areas available
potential could be dredged to provide more fo, expansion require

anchorage and berthing. dredging.

Approaches/ Approaches are relatively long.
coasts
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TABLE 15-2

CHARACTERISTICS OF ROUTE 14S (Cont'd)

Favorable Unfavorable

Tidal Currents would exceed 2 knots
currents on almost every tidal cycle and

would exceed 4 knots on 35%
of the cycles. Continuous use
of tidal gates is likely.

Routes of The Canal Zone and metropolitan
communication Panama provide excellent communic-

ations facilities, including a transis-
thmian railroad, transisthmian and
coastwise roads, airfields and water
access through the lock canal.

Terrain The alinement generally follows the
lock canal alinement except through
the divide reach. Elevations are gen-
erally low. The land is cleared and
mostly unused. Gatun Lake is the
dominant feature.

Geology Geology along Route 14 is the best Known areas of weak rock would
known of all the routes. The separate require flat slopes and r•are to
divide cut is not as well known as the avoid risk of slides blocking the
rest of the route. canal. Flood control dams across

Gatun Lake would rest on poor
materials.

Flood control Stream diversion requirements Sixteen miles of massive flood
and river diversion are minimal, control dams would be required

in Gatun Lake and lowering of
the lake would be required
during conversion.

Local Land development in the con-
development struction area has been restricted.

rhe region already supports inter-

oceanic canal commerce, end
should accommodate construction
(if a sea-level canal with little stress.
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TABLE 15-2

CHARACTERISTICS OF ROUTE 14S (Cont'd)

Favorable Unfavorable

Construction Access is relatively easy. The supply A slide which could block canal
problems of common labor is plentiful. traffic for a long time is pos-

sible. Tight traffic control is
necessary to minimize interference
between dumping scows and canal
traffic. Loss of Gatun Lake must
not be risked. Tidal gates would
be massive structures requiring
special attention.

Environmental More land would be opened for Spoil disposal in Gatun Lake
impact possible development by lowering and lowering of the lake level

of the lake level. The tropical en- will adversely affect the lake's
vironment would soon repair damage ecology.
caused by lake lowering. There
would be less spoil disposal in
Gatun Lake for Route 14S than
for Route 14C.

Expansion The topography does not lend
possibilities itself to incremental expansion.

Miscellaneous Construction would take place Corstruction of this route would
within the Canal Zone. eliminate permaiiently tne present

lock canal as an operable alter-
nate route. The Route 14 options
pose a major hindrance to opera-
tions of the Panama Canal during
construction.
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CHAPTER 16

ROUTE 17 - DARIEN ISTHMUS SEA-LEVEL CANAL

Route 17 was considered originally as an a;l-nuclear option. Its remoteness from major
population centers, together with its relatively short length and low elevations, made it
appear well suited for nuclear excavation. Adverse geologic conditions discovered in its
central reach during this study have caused reformulation of the original construction plan
to provide for excavation by a combination of conventional and nuclear techniques. A more
detailed discussion of Route 17 is presented in Appendix 12.

Accuracy of estimates: The investigative efforts previously described provided the data
needed to support conceptual designs and cost estimates for this route. In spite of a number
of deficiencies in this data base (lack of extended meteorologic and hydrologic records)
estimates for this route are considered adequate for purposes of comparison between
nuclear excavated routes.

Route 17 trace: (See Figure 16-1). The Pacific approach to Route 17 begins 28 miles
from shore, in the Gulf of San Miguel. From the shoreline, the alinement runs north
approximately 12 miles through the Pacific Hills. At the Sabana River it turns
northeastward and traverses the combined lowlands of the Sabana and Chucunaque valleys
for 20 miles. Turning further east, the alinement proceeds up the valley of the Morti River,
crosses the Continental Divide through Sasardi Pass and continues across the narrow
Atlantic coastal plain to the shoreline. It terminates in deep water approximately 2 miles
offshore just east of Sasardi Point. The total length of Route 17, including approaches, is 79
miles; the highest elevation along the centerline is approximately 1,000 feet. The region it
traverses is heavily forested and largely undeveloped. The centerline profile of the alinement
is shown in Figure 16-2.

Construction: Excavation plans for RotL 17 call for the use of nuclear explosives
through the Pacific Hills and the Continental Divide. The presence of weak clay shales in the
Chucunaque Valley wculd require cuts with extremely flat side slopes, thus precluding the
use of nuclear excavation. Thib 20-mile reach, at an average elevation of slightly less than
200 feet, would require conventional excavation of about 1.6 billion cubic yards,
accomplished primarily by an open-pit mining/rail haul system.

In addition to excavating the main channel through the hipiker elevations, nuclear
explosives would be used to open several river diversion channels. Thc nuclear excavation
program would involve about 250 explosives ranging in yields fromi 100 kilotons to 3
megatons, with a total yield of approximately I 20 megatons. They would be detonated in
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about 30 groups with yields ranging from 800 kilotons to 11 megatons. Detonations would
be scheduled when meteorological conditions ensure that hazardous fallout would be
contained within the exclusion area and that any risk of long-range airblast damage would
be minimized. There would be two series, or passes, of detonations, the first lasting 13
months. This would be followed by second pass emplacement construction which would
require 16 months. Five more months would be required for the second pass. Conventional
excavation and construction of permanent facilities would begin after the second pass
detonations.

Route 17 would intercept the Sabana River and the upper reaches of the Chucunaque.
The Chucunaque would enter the canal through an inlet excavated by nuclear means, with a
spillway to dissipate the energy of a drop of approximately 100 feet. The Sabina River
would enter the canal at about sea level through a transition structure.

Because of the lack of development in the Darien region, all facilities required to support
construction and operation of the canal would have to be provided. These would include a
transisthmian highway and other roads, harbor facilities, an all-weather airfield, administra-
tive and residential facilities, and a ferry crossing of the canal for the Pan American
Highway.

Design and construction of a sea-levei canal along Route 17, as described above, would
require about 16 years and cost about $3 billion.

Problem areas: The most significant problem area surrounding Route 17 is the present
uncertainty regarding the feasibility of nuclear excavation.

The clay shales encountered through the Chucunaque Valley present serious slope
stability problems, even if excavated by conventional means.

Tidal currents would attain a maximum velocity of 6.8 knots if tidal checks were not
used. Currents greater than 2 knots would occur at some time during all tidal cycles,
necessitating continual use of tidal checks.

The economy of the Darien region is inadequate to support construction of a sea-level
canal. The area is covered with heavy jungle and almost completely tindeveloped. On the
Pacific side, Darien Harbor could be developed into a suitable facility; but early permanent
buildup of this area would be impracticable because it lies well within the nuclear exclusion
area. Adequate port facilities would be more difficult to construct along the less protected
Atlantic coast. The jungle terrain and heavy rainfall are not conducive to road construction.
Access to the alinement would be very limited until roads, ports and airfields were built.
Locally available skilled labor does not exist and common labor is in short supply.

A land exclusion area (Figure 16-3) would have to be evacuated prior to any nuclear
detonation and kept clear, perhaps for as long as I year after the last detonation. It would
include an area of 6,500 square miles from which approximately 43,000 inhabitants would
have to be evacuated. Radiological surveys would be conducted continuously during and
after detonation to determine when the area could be reoccupied. In some areas re-entry
could begin shortly after the last detonation; however, it would probably be more practical
to re-open the entire exclusion area, except for the immediate vicinity of the craters, at one
time 6 to 12 months after the last detonation. The exclusion area over the ocean would be
operative only for a short time, I to 2 days after each detonation.
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In Panama City and other outlying built-up areas, there may be minor damage from
ground motion which would be generated by some of the larger nuclear detonations.

Summary data: The characteristics of Route 17 are summarized in Tab'e 16-1.
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TABLE 16-1

CHARACTERISTICS OF ROUTE 17a

Canal dimensions See note a.
Length of land cut 49 miles
Length of approaches 30 miles
Design vessel0  150,000 dwt
Capacityc 42,000 transits/yr (20 hrs average TICW)
Construction time 16 years
Conventional excavation volume 1,600,000,000 cubic yards
Conventional excavation cost $1,560,000,000
Nuclear excavation cost $ 220,000,000
Other facilities $ 730,000,000
Contingncies $ 350,000,000
EDS&AU $ 200,000,000

TOTAL CONSTRUCTION COST $3,060,000,000

Operation and maintenance:
Fixed costs $35,000,000/year
Variable costs $640/transit

aBased on a 20-mile long, centrally located, design channel; 1,000-foot wide nuclear
excavated sections at either end, and 1,400-foot wide ocean approaches.

b250,000 dwt skips could transit in favorable currents.
CBased on continuous operation of tidal checks to limit current to a maximum of 2 knots.
dEngineering, design, supervision, and administrztior..
.................................................................... ...

Favorable Unfavorable

Supporting None exists capable of supporting
facilities construction and operation of a.i

interoceanic canal.

Harbors Limited berthing for smail craft None exists capable of handling
exists in Darien Harbor at La Palma. deep draft vessels.

Harbor Good potential exists on the Pacific The Atlantic coast offers only
potential coast for deep draft vessels, after limited protection for harbors.

dredging.

Approachesd Deep water is close in on the Atlantic. Intermittent ,ictions of the 28-
coasts A large protected area is available mile approach channel through the

on the Pacific. Gulf of San Miguel would need
dtedging.
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TABLE 16-1

CHARACTERISTICS OF ROUTE 17 (Cont'd)

Favorable Unfavorable

Tidal Currents are the highest of all
currents routes. Tidal checks would be

in continuous use.

Routes of Access is the poorest of all
communication routes. These are no trans-

isthmian or coastal routes of
communications and no all-
weather airfields.

Terrain Spoil disposal areas are Two mountain ranges must be
readily available on this route, traversed. The entire route is

heavily jungled. Maximum eleva-
tion is about 1,000 feet.

Geology Subsurface investigation indicates Subsurface geologic information
materials at higher elevations prob- is limited compared to Routes 10
ably would be amenable to nuclear and 14. Clay shale materials in
excavation, the Chucunaque Valley would

require flat side slopes through-
out a 20-mile reach of the canal.

Flood control The flood control structures must
and river accommodate the large volume
diversion of high silt content runoff from

the Chucurnque River and its
major tributaries.

Construction Most conventional construction
features would have to be postponed until

nuclear excavation is completed.
The clay shale in the Chucunaque
Valley would require very flat
side slopes and may cause slope
stability problems during con-
struction. The local labor
supply is extremely limited.
Tidal gates would be massive
structures requiring special
attention.
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TABLE 16-1

CHARACTERISTICS OF ROUTE 17 (Cont'd)

Favorable Unfavorable

Environmental Population centers exist with in
impact the exclusion area at La Palma,

the Pearl Islands and the Cuna
and Choco Indian settlemants.

Nuclear Direct airblast effects and potent- Effects of ground motion might
effects ially harmful fallout would be con- cause minor damage in Panama

tained within the exclusion area. City.

Exclusion The exclusion area is about 100
area miles wide and covers a land area

of about 6,500 square miles
in which approximately 43,000
rersons live.

Expansion Nuclear excavated sections would Expansion of the conventionally
possibilities not need to be expanded to carry excavated section in the Chucun-

2-lane traffic. aque Valley would be costly
because of the relatively high
average elevation.

Local The population density is only Highly communal Cuna Indians
development 6 persons per square mile. Develop- living on islands off the Atlantic

ment is minimal. Inhabitants are coast must be evacuated. Lack of
engaged in fishing on the Pacific development requires all support
coast. A ranching economy is for construction to come from
just beginning, outside the Darien region.
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CHAFTER 17

ROUTE 23 - PANAMA-COLOMBIA SEA-LEVEL CANAL

Route 23 was considered for excavation by either conventional or nuclear means or by
a combination of both techniques. Its remote location makes this route appear well suited
for nuclear excavation; its low divide elevation is favorable for conventional excavation. A
more detailed discussion of Route 23 is contained in Appendix 14.

Accuracy of estimates: The data base for Route 23 is among the poorest for the routes
considered in this study. Geographic, geologic, hydrologic, and topographic data for the
Tuira Valley and the adjacent divide region are extremely limited. Since consideration of
this route was proposed after field investigations in the Isthmus had been completed, 'no
new information was gathered to supplement existing data which are extremely meager
(e.g., estimates of the minimum divide elevation range from 330 to 550 feet).* Subsurface
geologic information required for reliable estimates of nuclear cratering effects, slope
stability, and excavatic- costs is not available. Field data were extrapolated from Routes 17
and 25 to estimate construction costs of the Route 23 alternatives. Because of the weakness
of its data base, analysis of this route was not carried to the same degree of refinement as
that achieved for other routes.

Route 23 trace: (See Figure 17-1 ). The Pacitih approach of Route 23 begins 24 miles from
shore in the Gulf of San Miguel. To avoid excessive angularity as it turns into Darien Harbor,
the trace cuts through the narrow peninsula on which La Palma is situated. It then follows
the Tuira Valley southeastward past El Real. The terrain in this reach is low, swampy and
densely overgrown. As it continues southeastward, the trace generally parallels the proposed
route for the Pan American Highway, gradually rising until it reaches the divide pass at
about 450 feet elevation. In this area, the terrain is heavily forested and sparsely populated.
Beyond the divide, the trace follows the Cacarica River as it descends into the alluvial flood
plain of the Atrato River near Sautata. From that point it parallels the low-lying Atrato to
its mouth in Candelaria Bay, 3 miles from deep water. The total length of the route,
including ajpproaches, is 146 miles. Although there are several small towns and villages along
Route 23, the relgion is essentially undeveloped. The Atrato Valley supports some sawmill
operations, and limited s.hsistence agriculture is conducted in the Tuira Valley. Figure 17-2
shows the assu;med profile of Route 23.

Otnatent data funmWhd by Dr. Maulkdo Obalo, Pumident of t!ma Chow Development Corporation, Bogota, Colombia,

pports el*Jat-)a 450 feet used to pepan estimates for this study.
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Construction: If nuclear excavation were used through the divide region, hydraulic
dredging of the Tuiia and Atratc r-aches and river diversion channels would begin during
the early phases of nuclear operations. Dredging operations within the exclusion area would
be halted whenever required for radiological safety. Approximately 15 nuclear detonations
averaging about 5 megatons each would be used, with the largest individual explosive yield
being no more than 1 megaton. Throughout the 2-year nuclear operations period,
detonations would be scheduled when atmospheric conditions would direct fallout toward
the Pacific coast so that the exclusion area would riot include La Palma. On completion of
nuclear operations, full-time dredging would be resumed. At the same time, support facilities
would be built and flood control structures completed. This partially nuclear excavated
option is estimated to require at least 14 years to design and construct. The estimated cost is
about $2.6 billion.

If conventional excavation were used for the divide cut, it would be by open-pit mining
techniques. Except for the divide section, the entire canal would be excavated to 1,400-foot
width to achieve desired transiting capacit,". Fifteen years would be icquired to complete
this canal and it would cost about $5.4 billijn.

Either method of excavation would involve construction of extensive flood control
works to divert or control the Atrato, Chucunaque, and Tuira Rivers. Other streams would
be discharged into the canal by means of appropriate inlet structures. Tidal checks would be
used to limit currents on both alternatives.

Problem areas: The most critical problem is the lack of reliable topographic and
geologic data on which to base designs. Estimates for this route have assumed relatively
competent rock, but it is possible that clay shales extend into the divide region where the
deepest cuts would be required.* The presence of these shales in the divide might preclude
nuclear excavation there. The presence of clay shales in the divide cut would cause a large
increase in the excavation volume if conventional methods were employed.

The region is covered with jungle and is almost completely undeveloped. The local
economy is insufficient to support the construction effort. Present port capabilities at La
Palma and Turbo are limited to small craft, and more adequate port facilities would have to
be built. Access to the area is limited to water routes which are good along the Atrato River
and in the lower.part of the Tuira River. There is no convenient access to the divide area and
the supply of local labor is limited.

River diversion would be a major undertaking, particularly in the Atrato Valley.
Seasonal floods of the Chucunaque, Tuira, and Atrato rivers, which carry heavy sediment
loads, would necessitate control works to prevent shoaling of the channels.

If gL,!ogic conditions proved favorable, the low elevation of the divide in this area
would permit construction of a wide channel with relatively small yield nuclear explosives,
thus reducing the extent of the undesirable effects of nuclear excavation. However,
construction of the divide cut by these techniques would require the evacuation of as many
aN 30,000 inhabitants from a land exclusion area estimated at 6,500 square miles. (See
Figure 17-3). The exclusion area over the ocean wuuld be operative only a short time, I to 2
d&y:; after each detonation.

*Route 23 crosses the divide at a low point in an otherwise high range of hills which is structurally controlled. This low
pass suggests that the material is weak and could be clay shale.

V-192



CA RIB BEAN SEA

r ~PANAMA BAo

5L E PH UAAY

GULF RIO

S.EGMGUENDRO

Ea~u~a, frm hemof fist dooeati
m,~ wol oafus at. ht dtoaBAYn

ROUTE~RI 23EXLUIO AE

20 0F5 5

P~~ A N M

FIGURET1 173"-9

LEED .JID
Ewkson h On f fid dea wh



Because this route crosses an international boundary, access to construction sites might
be administratively complicated.

Alternate nuclear route: Late in the course of the study, an alternate alinement for
Route 23 was suggested to allow greater use of nuclear explosives and possibly avoid slope
stability problems in crossing the divide. This would be accomplished by starting the
alinement in Garachine Bay on the Pacific, and running it almost due east, avoiding, insofar
as possible, the low-lying Tuira Valley which does not appear suitable for nuclear
excavation. This alinement would cross the divide north of the one previously discussed,
meeting the Atrato River at Sautata, then turning northeast to Candelaria Bay. In the
20-mile reach between Sautata and Candelaria Bay, hydraulic dredging would be used; the
rest of the land cut (84 miles) would be excavated by nuclear explosives. About 74
detonations would be required, with an average yield of 5.5 megatons. The largest
detonation would be 7.5 megatons.

Assuming that nuclear explosives could be used as suggested, this alternative has certain
advantages when compared with other routes constructed by nuclear means. Its low
elevation would allow it to be excavated with a maximum single explosive yield of only 1.5
megatons. Construction costs would be comparable to those of Route 25, and a two-lane
canal might be built at a lower cost here than on any other route.

These advantages depend on the existence of favorable geology over an 84-mile reach
about which geologic knowledge is extremely limited. The canal would be about 120 miles
long. Nuclear operations would require an exclusion area of about 8,000 square miles,
containing a population of about 30,000. (See Figure 17-4).

No cost estimate was prepared for this alternative because it did not appear more
favorable than Route 25, and because it was suggested after the Commission had determined
that the feasibility of nuclear canal excavation could not be demonstrated within the next
several years.

Summary data: The characteristics of Route 23 constructed by conventional means
only are summarized in TFable 17-1. Those of a canal employing nuclear excavation through
the divide are in Table 17-2.
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TABLE 17-1

CHARACTERISTICS OF ROUTE 23 CONVENTIONAL

Canal dimensions 550 x 75 ft (85 ft maximum dapth)a
Length of land cut 1 9Q milet,
Length of approaches 2/ miles
Design vesselu 150,000 dwt
Capacityc 50,000 transits/yr (20 hrs average TICW)
Construction time 15 years
Excavation volume 5,200,000,000 cu. yd.
Excavation cost $3,620,000,000
Other facilities $ 870,000,000
Contingencies $ 540,000,000
EDS&Ad $ 360,000,000

TOTAL CONSTRUCTION COST $5,390,000,000

Operation and maintenance:
Fixed costs $57,000,000/year
Variable costs $1,100/transit

aBased on a 25-mile long centrally located design channel throughi the divide, connected to

the ocean by 2-lane channels, 1400 by 85 feet.
b250,000 dwt ships could transit in favorable currents.
CBased on continuous operation of tidal checks to limit current to a maximum of 2 knots.
dEngineering, design, supervision and administration.

Favorable Unfavorable

Supporting None exists capable of supporting
facilities construction and operation of an

interoceanic canal.

Existing Limited berthing for small craft None exists capable of handling
harbor exists at La Palma and Turbo. deep draft vessels.
facilities

Harbor Good on the Pacific side in the On the Atlantic side, harbor
potential Darien Harbor area of the Gulf facilities must be constructed

of San Miguel. about 30 miles; inland near
Sautata where suttable founda-
tions exist.
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TABLE 17-1

CHARACTERISTICS OF ROUTE 23 CONVENTIONAL (Cont'd)

Favorable Unfavorable

fApproich/ ')eep water -s close in with fcir Intermittent sections of the 28-
coasts protection on the Atlantic; the mile approach channel through

Pacifir approach is wel! protected the Gulf of San Miguel would
in the Gulf of San Miguel. need dredging.

Tidal The location of the Pacificcurrents 
entrance of the canal in the wideDarien Harbor and estuary would
make it difficult to hold currents
to 2 knots or less.

Routes of No roads or railroads exist in
communication this part of Colombia and Panama.

There are no all-weather airfields.

Terrain The Atrato Valley is only a few Route is either dense forest or
feet above sea level. Maximum marshy terrain.
elevation is only about 450 feet.

Geology Limited investigations show much Both surface and subsurface
of the alinement is in alluvium or geology are poorly defined. There
soft sediments. is a possibility that weak material

requiring flat side slopes extends
into the divide area.

Flood control Most of the river diversion can be Extensive flood control facili-
and river diversion accomplished with inexpensive ties would be required for the

hydraulic dredging. heavy seasonal flow of the Chucun-
aque, Tuira and Atrato Rivers.
The Atrato River diversion is a
major excavation in itself.

Construction Inexpensive hydraulic dredging Knowledge of physica: character-
features could be used in the Atrato and istics of this route is extremely

Tuira River valleyn. limited. Tidal checks would be

massive engineering structures
requiring special attention.
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TABLE 17-1

CHARACTERISTICS OF ROUTE 23 CONVENTIONAL (Cont'd)

Favorable Unfavorable

Local Population density is under 5 per- Lack of development woulo
development sons per square mile. Inhabitants require all support for construction

are engaged in fishing on the to come from outside of local
Pacific coast, slash- and-burn area.
agriculture in the interior and
lumbering along the Atrato River.

Environmental Properly placed spoil should increase The spoil disposal areas would
impact the land value, be extensive.

Expansion Significant expansion of capacity
possibilities would require widening the divide

cut.

Miscellaneous Construction and operation might
be complicated administratively
because two host countries would
be involved.
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TABLE 17-2

CHARACTERISTICS OF ROUTE 23 NUCLEAR - CONVENTIONAL

Canal dimensions See note a.
Length of land cut 119 miles
Length of approaches 27 miles
Design vessel0  150,000 dwt
Capacityc 50,000/yr (20 hrs average T ICW)
Construction time 14 years
Conventional excavation volume 1,900,000,000 cu. yd.
Excavation cost $1,170,000,000
Other facilities $ 940,000,000
Contingencies $ 290,000,000
EDS&Au $ 170,000,000

TOTAL CONSTRUCTION COST $2,570,000,000

Operation and maintenance:
Fixed costs $57,000,000/year
Variable costs $1,100/transit

aBased on a 25-mile, 2-lane, 1,000-foot-wide nuclear section; a 53-mile design channel; and

68 miles of 1,400-foot-wide 2-lane chan.el including approaches.
bA 250,000 dwt ship could transit under carefully controlled conditions.
CBased on continuous operation of tidal checks to limit current to a maximum of 2 knots.

dEngineering, design, supervision and administration.

.....- .... -............................................-----------------

Favorable Unfavorable

Supporting None exists capable of supporting
facilities construction and operation of an

interoceanic canal.

Existing Limited berthing tor small craft None exists capable of handling
harbor exists at La Paima drd Turbo. deep draft vesFels.
facilities

Harbor Good on the Pacific side in the On the Atlantic side, harbor
potential Darien Harbor area of the Gulf facilities must be constructed

of San Miguel. about 30 miles inland near Sautata
where suitable foundations exist
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TABLE 17-2

CHARACTERISTICS OF ROUTE 23 NUCLEAR - CONVENTIONAL (Cont'd)

_Favorable Unfavorable

Approaches/ Deep water is close in with fair Intermittent sections of the 28-
coasts protection on the Atlantic; the mile approach channel through

Pacific approach is well protected the Gulf of San Miguel would
in the Gulf of San Miguel. need dredging.

Tidal The location of the Pacific
currents entrance of the canal in the wide

Darien Harbor and esuary would
make it difficult to hold cur-
rents to 2 knots or less.

Routes of No roads or railroads exist in
communication this part of Colombia and Panama.

There are no all-weather airfields.

Terrain The Atrato Valley is only a few feet Route is either dense forest or
above sea level. Maximum elevation marshy terrain.
is only about 450 feet.

Geology Limited investigations show much of Both surface and subsurface
the alinement is in alluvium or soft geology are poorly defined. There
sediments. is a possibility that weak material

requiring flat side slopes extends
into the divide area. This may
preclude nuclear construction.

Flood contro! and Most of the river diversion can be Extensive flood control facilities
river diversion accomplished wich inexp.nsivw w;uld be required for the heavy

hydraulic dredging. seasonal flow of the Chucunaque,
Tuira and Atrato Rivers. The
Atrato River diversion is a major
excavation in itself.

Construction Inexpensive hydraulic dredging Knowledge of physical character-
features could be used in the Atrato and istics of this route is extremely

Tuira River valleys. limited. Tidal checks would be
matsive engineering structures
requiring special attention.
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TABLE 17-2

CHARACTERISTICS OF ROUTE 23 NUCLEAR - CONVENTIONAL (Cont'd)

Favorable Unfavorable

Local Population density is under 5 per- Lack of development would require
development sons per square mril. Inh.ibitent, all supp;r' fo,",.~uistrucdon to

are engaged in fishing on the come from outside of local area.
Pacific coast, slash- and-burn agri-
culture in the interior and lumbering
along the Atrato River.

Environmental Properly placed spoil should increase The spoil disposal areas would
impact the land value, be extensive.

Nuclear Air blast effects and potentially
effects harmful fallout should be contained

within the exclusion area. Risk of
damage to metropolitan area is least
of all nuclear routes.

Exclusion Exclusion area is 90 miles wide
area and covers an ai .a of about

6,500 square miles in which up
to 30.000 people live.

Expansion Widening through river valleys could
possibilities be accomplished easily with minimum

interference with operations.

Mlscellaneous Construction and operation might
be complicated administratively
because two host countries would
be involved.
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CHAPTER 18

ROUTE 25 - COLOMBIA SEA-LEVEL CANAL

Route 25 was considered for construciion by a combination of nuclear and
cornventional excavation methods, applied to take full advantage of the Wapabilities of each.
Because of its remote location and the undeveloped character of the s-arLznding region,
nuclear excavation tcchniques appear well suited for us- on this route.

Accoracy of estimat,:s: As was the case with P.oute 17, a data base has been developed
which is adqu.ite for eva~uating this alternative with respect to other nuclear excavated
routes.

Route 25 trace: (See Figure 18-1). Route 25 starts in Humboldt Bay on the Pacific
Coast, approximately 200 miles southeast of Panama City. After crossing a narrow coastal
strip, the alinement runs eastward for about 10 miles thiough the Choco Highlands which
form the Continental Divide. Turning to the northeast, the trace crosses the upper Trlando
Valley and the Saltos Highlands and then parallels the Truando River to its confluence with
the Atrato River. .rrom "-re it passes through the Atrato Lowlands for about 50 miles,
entering the Caribbean " Candelaria Bay in the Guif of Uraba at a point 2 miles from
deep water. This alineix•.n. is 103 miles long, including 5 miles of approach channels; its
peak elevation aloig the centerline is about 950 feet. Dense forests -revail except where the
Atrato swamp does rot support tree growth. Although the region is generally undeveloped,
there are a few scattered settlements along the banks of the major rivers. The centerline
profile of the route is shown in Figure 18-2.

Construction: The estimates 'or Route 25 assume the feasibility of nuclear excavation

in a 20-miie reach from the Pacific coast ti-rough the Continental Divide, the upper Truando
Valley, and the Saltos Highlands Contvet tional excavation would begin at an elevation of
about 300 feet in 'he Truando Valley, with shovel excavation and truck haill used at
elevations above 75 feet. Over 90 pe.cent of the conventioaal exc3vation would be at

elevations lower than 75 feet and would be accomplished by hydraulic dredging.
Flood diversion measures would be extensive, since most of the Atrate River Would

have to be discharged into Colombia Bay through a 1,000- by 50-foot diversic., channel east
of the canal alinement. Bank revetment would be used to prevent meandering of the
realined ri-er ;nd breaching of the separation between the diversion ,hannel and the canal.
A smaller but nimilar floodway west of the alinement woula divert runoff from about 2,000
square miles of drainage area into Candelaria Bay. An inlet and several diversion channels,
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excavated with nuclear explosives, would be required to provide flood control and river
diversion along the nuclear reach of the canal.

Hydraulic dredges would begin work on the canal within the Atrato flood plain early in
the construction period. During nuclear operations, they would work at the north end of
the alinement.

Nuclear excamation would require about 150 individual explosives detonated in 21
separate groups. Detonations would be scheduled in two passes, the first lasting 8 months
and the second 6 months, with an interval of about 18 mor~ths to prepare for the second
pass. The largest single detonation would be 13 megatons; the total yield of all explosives in
the two passes would be about 120 megatons.

Because of the general lack of development in this region, all facilities required for
constructing and operating the canal would have to be provided. These would include a
transisthmian highway; harbor facilities; an all-weathe, airfield; administrative, maintenance,
and residential facilities; 'ateral roads; and bridge or ferry crossings.

Construction of a sea-level canal on this alinement, with a 28-mile bypass channel,
would cost approximately $2.1 billion; it would take about 13 years.

Problem areas: Without nuclear excavation, this route loses its advantages of low
construction cost and inexpensive expansion potential. The land exclusio.i area (Figure
18-3) is about 3,100 square miles and has about 10,000 inhabitants. The exclusion area over
the ocean would be operative only for a short time, I to 2 days after each detonation.
Radiological surveys would have to be conducted continuously to determine when the area
might be reoccupied. Some portions of the area could be re-entered shortly after the last
detonation; however, it would probably be more practical to reoccupy the entire exclusion
area, except for the immediate vicinity of the craters, at one time, 6 to 12 months after the
last detonation. Some minor ground motion damage might occur in more distant population
centers.

The legth of Route 25 and the moderate range of Pacific tides in Humboldt Bay limit
naximum tidal currents to 3 knots. To reduce these currents to 2 knots or less would
rzquire tidal checks. The one at the Pacific end of the canal would span a two-lane channel.
This would be a very large gate with a higi, initial cost and a complex operating mechanism.
These disadvantages appear to outweigh the advantages of insuring a slower curreiit, which
may eventually prove to be unnecessary. Therefore, tidal gates have not been included in the
preferred design of this route, and operation with currents occasionally rising to 3 knots has
been accepted. If necessary, traffic could be curtailed briefly in periods of highest currents
without a significsnt reduction in the annual transiting capacity.

The local economy of the region is not sufficiently developed to support the
construction operation. Most of the land in the Atrato Valley is marshy and unsuited for
construction of facilities; the more solid ground is heavily forested. Adequate ports or
anchorages would have to be built. At least one all-weather airfield would be needed and
adequate land access into the area would have to be provided.

Subsurface geologic data collection on Route 25 was limited to 22 borings, most of
which were concentrated in the divide area where material considered suitable for nuclear
excavation was found. Only seven borings, supplemented by 27 soil probings, we-e made
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across the lower Truando and Atrato valleys to determine the location of underlying
bedrock.

Summary data: The characteristics )f Route 25 are summarized in Table 18-1.
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TABLE 18-1

CHARACTERISTICS OF ROUTE 25

Canal dimensions See note a.
Length of land cut 98 miles
Length of approaches 5 miles
Design vesselD 150,000 dwt
Capacityc 65,000 transits/yr (20 hours average TICW)
Construction time 13 years
Conventional excavation volume 1,700,000,000 cubic yards
Conventional excavation cost $700,000,000
Nuclear excavation cost $185,000,000
Other facilities $850,000,000
ContingeAncies $225,000,000
EDS&Ad $140,000,000

TOTAL CONSTRUCTION COST $2,100,000,000

Operation and maintenance:
Fixed costs $49,000,000/year
Variable costs $1,030/transit

aBased on a 20-mile, two-lane, 1,000-foot-wide nuclear section, a 78-mile conventionally
excavated design channel with a 28-mile bypass section, and 5 miles of 1400- by 85-foot
approach channels.

bA 250,000 dwt ship could transit in favorable currents.
cBased on a 3-knot maximum current. Capacity of other routes is based on a 2-knot

maximum current.
dEngineering, design, supervision and administration.
-------- --------------------------------------------------------.......

Favorable Unfavorable

Supporting None exists capable of support-
facilities ing construction and operation

of an interoceanic canal.

Harbors Limited berthing for small crafts None exists capable of handling
exists at Turbo. deep-draft vesseis.

Harbor Potential is poor on the Pacific
potential side. On the Atlantic "ide harbor

facilities must be constructed about
30 miles inland near Sautata
where suitable foundations exist.
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TABLE 18-1

CHARACTERISTICS OF ROUTE 25 (Cont'd)

Favorable Unfavorable

Approaches/ Deep water is close in on both No protection exists on the
coasts coasts. Fair protection exists Pacific.

on the Atlantic.

Tidal Currents over 3 knots will occur The canal's length and config-
currents on less than one day per month. uration make it difficult to

provide tidal checks to hold
currents to 2 knots or less.

Routes of The Atrato River offers easy No transisthmian roads or coast-
communication shallow draft passage to its wise roads exist in this part of

confluence with the Truando River. Colombia. There are no rail-
roads or all-weather airfields.

Terrain Alluvial flood plain would allow Much of the route is through
inexpensive hydraulic dredging for marshy terrain, complicating
rrost of the route and would permit construction of facilities.
easy expansion as needed.

Geology Borings in the divide reach indicate Geologic data in the Atrato
geologic conditions suitable for delta are limited.
stable nuclear excavations. Bedrock
in the Atrato delta appears to be
well below desired channel depth.

Flood control Most of the extensive river diversion The Atrato and the Salaqui
and river can be accomplished by hydraulic Rivers carry large flows and
diversion dredging. silt loads which would have to

be diverted away from the canal.
Diversion of the Atrato River is
a major excavation project.

Construction This route presents no major slope Bank protection would be re-
problems stability problems; dredging oper- quired to keep the meandering

ations would be routine. Atrato separate from the
canal. The local labor supply
is limited.
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TABLE 18-1

CHARACTERISTICS OF ROUTE 25 (Cont'd)

Favorable Unfavorable

Environmental Lack of local development would The ecology of a large part of
impact minimize the extent of the sociolog- the lower Atrato swamp would

ical impact of evacuation. Areas be changed.
filled with spoil should become
economically useful land in what
is now an alluvial swamp.

Nuclear Most airblast ' ,cts and all Ground motion and airblast
effects potentially harmful fallout wou;d be effects might cause some minor

contained within the exclusion area. damage outside the exclusion
area.

Exclusion The exclusion area would be the The exclusion area would be
Orea smallest of any of the nuclear rcutes. about 3,100 square miles wher.

it is estimated that 10,000
people now live.

Expansion The nuclear excavated section would
possibilities not require expansion. The long

Atrato Valley reach is well suited
for expansion in increments at
relatively low cost.

Local Population density is about 3 Lack of development requires
evelopment persons per souare mile. Inhabi- all support fer construction to

tants are engaged in limited slash- come from outside the local
and-burn agriculture, and in area.
small-scale lumbering operations
in the Truando Valley.

LMiscellaneous This is the least costly route for This is &he longest shipping
construction, provided nuclear route from New York to San
excavation is feasible. Francisco of the routes

considered.
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CHAPTER 19

SUMMARY OF ROUTE CHARACTERISTICS

This chapter consists of three summary tables which allow comparison of canal
alternatives in three categories: conventionally excavated sea-level canals, sea-level canals
excavated wholly or in part with nuclear explosives, and lock canals. The data shown are
condensed from those given in the tables of characteristics which summarized dhe preceding
discussions of the individual routes.
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TABLE 1s-1

SUMMARY OF ROUTE CHARACTERISTICS-CONVENTIONAI.LY EXCAVATED

$ 10 14 Separate

Construetion cost $11,000,000,000 $2,880,000,000 *3,040,000,000
Operation and maintenance costs $93,000,000/year $56,000,000/year $58,000,000/year
(35.000 transits/year)

Initial capacity 35,000 transits/year 38,000 transits/year 39,000 transits/year
Design and construction time 18 years 14 years 16 years
Conventional excavation volume 7,000,000,000 cubic yards ).670"000,000 cubic yarns 1,950,000,000 cubic yari
Average time in canal waters 311 hours 20 hours 20 hours

Suwortiltt facilities Virtually nonexistent. Granada can pro- Available in Canal Zone; tel; miles from Virtually complete facilities at
vide a limited support base. either terminus. balIColon and Balboa-Panama Cit

F.listing harbor facilities Limited sr)sll boat fac'tlies exist at San D6:-, draft capability in Canal Zone. DOop draft capability in Limon I
Juan del Sur. Needs exp~ansion to hold large vessels. Balboa. Needs expansion to hol

S'taliow draft harbors on both coasts at vessels.
Lagarto and Puerto Celmiho.

Harbor potential Good on Pacifif side in Salinas Bay. Poor Poor in immedlate area; good in Canal Fair on Pacific side; good on Atil
on Atlantic. Zone. * Limon Bay.

Approaches and coasts Unprotected orý Atlantic skile; Sallnis Short approach with no protection on Approaches are relatively long.
Bay on Pacific. Deep water close in on Atlantic side. Long approach with partial
both coasts, protection on Pacific.

Tidal currents Lowest current of all sea-level routes. Currents would exceed two knots. Con- Currants would exceed two knol
Tidal gates not required. tineal use of tidal gates may be required. tinuous use of tidal gates may

quired.

Routes of communication No tran;isthmilan road or railroad. No transibi.•mian facilities in imm~•late With 14C, best of all routes. T1
Coastal roads only on Pacific side. Water- area. (See 14-S for fa,,hlttis along lock all-weather transisthmian road.'

borne transportation on San Juan River carial.) Coastal roaids on both side%. Isthmian railroad. Coastwise roI
and Lake Nicaragua. No all-weather air- Route accessible fro:.' '•stun Lake. aI-,,.cther airfields on both coasl
fields, canal offers compilte s'rcess.

Terrain (elevation shown Is highest point Two mountain ranges separated by a Low mountain ranges near bot4 coasts. Essentially follows lock canal roe
along centerline) marshy plain. Dense jungle predom- Original Jungle partially cleared. Arms of arate divide cut through undo

Inates. Jungle alluvial coan-,; ý;am on Gatun Lake cross route. Masimum con- land. Maximum centarline elevat!
Atlantic side. Maximum c-nterline eleva- terline elevation 400 feat. feet.
tion 750 feet.

Geology Knowledge of subsurface geology lir- Extremely variable. Subsurface geology Extremely variable. Well knowr
Ited. Surface data Indicates geology con- data limited. Critical divide section may formations In divide area would
ducive to canal construction. This Is an possibly require very flat side slopes. flat side slopes. Poor material a
area of active volcanoes. ations for floor" control dikes It

Lake,

Irlood control and river diversion Extensive flood control faclilties are Fewest flood contro; problems of all Flood control dikes required ac

required fcr streams ,lowing Into Lake routes. Permanent barrier dams requl-- tun Lake. Lowering of lake
Nicaragua and into the San Juan River. on Gatun Lake arms, quired.

Local development iJisically undeveloped except on divide Area opening up to agrlculturai develop- Region highly developed to
slopes where ranching predominates. mont. Dense jungle being cleared for interoceanic shipping-
Population density about 25/sq. mi. in cattle ranching. Subsistence farming

this area; 5/sq. ml. throughout most of giving way to truck farming. Population
route where there are scattered patches density varies from 5 to 25/sq. ml.
of subsistence agriculture.

Construition features Level of Lake Nicaragua must be main- No apparent problems except possible Gatun Lake would be maintais
tained, need for flatter slopes than now envIs- large flood control dikes. Flex

toned and barrier dam construction construc-tion systems limited. Cat!
across arm of Gatun Lake. Good accessi- fic will be interfered with
blilty and supply of unskilled labor, endangered. With 14C, beet &coM

and labor supr(ly Of all routes.

Environmental impact Large area of San Carlos Plains would be Little harmful effect. A few small ham- Lake level drop and spoil dispoeg
cut off from access to Lake Nicaragua. lets displaced. mental to Gatun Lake.
Few inhabilters displaced.

Expansion possibilities Costly because of length. Construc.tion of a bypass would be fairly Expansion to two lanes would
simple. Expansion to two lanes would deep cuts through areas of knovA
require cuts through higher elevations bllity.
than the original alinement.

Miscellaneous Long lanu cut. Most angular sea-level Offers easiest operation in conjunction Construction of sea-level cI¢nai ella
route. This is a short New York-San with existing Panama Canal. present lock canal as op1erable 8
Frarcisco sea-level route. Construction route.
in two countries.
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TABLE 10-1

ICTEIIISTiCS - CONVENTIONALLY EXCAVATED ALINERMENTS

14 Separate 14 Combined 23

*30000,o 2,930.000,000 $5.390.000,000
*5,0,00ya 155.000,000/yezr 095,000,000/year

r39,000 transits/year 39.000 trapsits/year 50,000 transits/year
16 years 13 yclir, 15 years

Ic yards 1,950,000.000 cubic yards 1.vu-.000,000 cubic yards 5,200,000,000 cubic Yards
20 hours 20 hours 20 hours

ton miles from Virtually complete liclll'is at CrIsto- Virtually Complete faCillitli,' At Cristo- LA Palma and Turbo can provide a
bag-Colon and BalboL-Pmnama City. bal-Colon anJ. Balboa-Panarna City, limited support base.

ICanai Zone. Ceep draft capabiiity In J-mon Bay and OeeV draft -apatilitites; In Limon Bay and None capable of handling deep draft
I large vessels. Balboa. Needs expansion to hold large Balboa. Needs expansion to hold large Vessels. Shallow draft capability at La
both coasts at vessels. vessels. Palma and Turbo.

to.

good In Canal Fair on Pacific side; 4iood on A.l1ntic In F, I on Pacific side; good C.Atlantic In Good on Pacific side In Darion harbor;
Limon Bay. LUnion Bay. fair on Atlantic.

protectir n on Approaches are relatively long. Approaches are raIzitivelyi long, yes' well protected approach on Pacific
ich with partial side. Short partially protected approach

on Atlantic.

No knots. Con- Currents would exceed two knots. Con- Currents would exceed two knots. Con- Currents wouldi exceed two knots In the
Ay be requ red. tinuous use of tidal gates may be re- tinuc.'i use of tidal gates may be re- Tuira estuary.

qoilred. quired.

a In immedi- to With 14C, bes~t of all routes, Two-lane With 14S, best of all routes. Two-laneiall- No transistiv'nian or coastwhe routes of
ties along lrick all-weather transisthmian road. Trans- weather transisthmian road. Trafisisth- communic.'tIon excApt Atrato and Tuira
in both shies. lsthmian railroad. Coastwle road and ilmi n railroad. Coastwlss road and all. Rivers. No all--weather airfields.
:un Lake. all-weather airfields on both coasts. Lock weather airfieids on both coasts. Lock~

canial offers complete access. Car~al offers complete access.

ar both coasts. Essentially follows lock canal route. Sop- Essentially follows lock canai route. Two extensise alluvial valleys near sea-
Dared. Arms of warte divide cut through undeveioped Maximum centerline elevation 400 feet. level sepm',ated by broa'. low mountain
wiaxlmum cen- iand. Maximum conterline elevation 450 ridge. Heavily jungled where ground can

feet. support trees; othe~rwise marshy- Masx-
imum centerline elevation 450 teat.

urface geology Extremely variable. Well known. Weak Extremely varlabit. Weli known. Weak Both surface and subsurface geology
so section may formations In divide area would require formations r' ~1v do area wouid reqjuire virtually unknown. Possibility that weak
Ida slopes, flat side slopc-s. Poor material and lound- fiat side slories. Pcoor matcriai and found- Sabana shales extend linto divide area.

ations for flood control dikes in Gatun atlons for flood control dikes In Gatun
Lake. Lake.

oblems of all Flood control dikes required acifoss Ga- Flood control dikes reqUIir'-... 'cros: Extensive floprj control facilities ire-
dams required tun Lake. Lowering of lake level re- CGatun Lake. L-cwerlng of lake '*--!I quired for -%'to, Tuira and ot'.:.;

quired. required. streams.
tural develop. Region highly developed to support Region highly daveloped to support in- Very little devealopmeý Mirn'iu
ýj cleared for interoceanic ..aaoping. toroce-nic shipping. slash-and-burn agriculture. Fishing an

onefarming limited rancning on Pacific coas.. Pop-
3.Population ulation density 5/sq. fri~.

Kcptpss-be Gatun Lake would b-a maintained by Gatun Lake must be maintained 6y' large No, apparent problems bu' knowledge of

,in now envis- large flood control dikes. Flexibility of flood control dikes. Flexibility of con- ploys'cal characteilstics of route Is ex-
construction construction systems i~mited. Canal traf- structior. systems limited. High risk of fremely limited. Accessibility and labor

Good accessi. fic will be interfered with but not major Interruption to lock canal opera- supply limited.
ed labor, endangered. W th 14C. best accev Iiblity tions exists In the divide cut %:~Us to

and labor supply of all routes, slides of weak material. With 14C.. best
accessibility and labor supply of all
routes.

ma smalal hamn- Lake level drop and spoil disposai rfttri- Lake level drop and spoil eisposal deteri- Tne spoil area would be extensive. Prop-
mental to Gatun Lake. mental to Gatun Lake. erly placed, it could Increase land value.

vould be fairly Expansion to tvo lanes would equire Expansion to two lanes wot.'d require Genaraily -,naimited. Much couiJ be aC-
) lanes would deep cuts through areas of known Insat- deep cuts through area; of known Insta- complsheC' by hy,~raulic dredging.
her elevation$ blilty. bility.

It conjunction Construcilon of Mee-evel canal eliminates Construction a, i-a-li~vei canal eliminates Construction In two countries.
present lock cartel as opeorehM switenite present lock canai as Operable alternate
rout*. route.
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TABLE 19-2

SUMMARY OF ROUTE CHARACTERISTICS, ALINEMENTS INCLUDING NUCLE AkR

IN 17

Construction Cost $5,170,000,000 $3,060,000,00C
Operation and maintenance costs (at 35,000 tran-
sits/year) $88,000,000/year $57,000,000/yOear

200,000+ transitslyear 42,000 to insits/year
Initial capacity' 12 years 16 years
Construction time 50,000,000 cubic yards 1,600,000,000 cubic yard;
Conventional excavation volume 20 hours 20 hours
Average time In canal waters

Supporting facilities Virtually nonexistent. Granada can provide i inm- La Palma can provide a limited support base. La Pal

ited support base. base.

FSxistlng jarbor facilties Limited small boat facilities exist at San Juan del Limited on Atlantic sile; shallow draft capability None
Sur. on Pacific at La Palrma. Shallo

Harbor ,;'tertlal Good on Pacific side in Salinas Bay; poor on Good on both coasts for deep draft vessels after Good
Atlantic. dredging. Atlantli

Approaches and cojists Unprotected on Atlantic side; Salinas Bay on Very long well protected approach on Pacific side. Very 10
Pacific. neep water close in on both coasts. Short partially protected approach on Atlantic. Short

Tidal currents Currents would reach two knots only occasimnally. Highest of all routes. Tidal checks would be in Current
L.,wes. of , I sea-level routes. Tidal gates not continuous use. estuary
required.

Routes of communication No transisthmian road or railroad. Coastal roads fir' trans;sthmian or coastwise routes of communi- No tran
only on Pacific side. Waterborne transportation on catior,. No all-weather airfields. cation
San Juan River and Lake Nicaragua. N,- all-weather weathe
airfields.

Terrais (elevation shown is highest point liong Two mountain ranges separated by a n arshy plain. Two mountain ranges separated by alluvial vallc,. Low ex
centerline) Dense jungle predominates. Jungied alluvial coastal Heavily jungled throughout. Maximum elevatk n ted by

plain on Atlantic side. Maxmum ele ltion 1,000 1,000 feet. where
feet. Maxim

Geology Knowledge of subsurface geology imited. Surface) Subsurface investigations show twenty miles of Bo
t
h s

daLa indicates geology conducive to canal construc- weak clay shale which require flat side slopes and unkno
tion. This is 4n area of volcanic activity, preclude use of ntuclear explosives. Mountainous which

areas appear amenable to nuclear excavation, use of n

Flood control and river diversion Ext insive lbood control facilities are required for Extensive flood control facilities required. Extensi
streams flowing into Lake Nicaragua- and into the ,Atrato,
San Juan River.

Local davelopment Basically undeveloped except on divide slopes Very little development. Cuna Indian culture on Very II
where ranching predominates. Population C insity Atlantic coast. Minimum slash-and-burn agrlcul- agricult
about 25/sq. ml. in this area; 5/sq. mi. throuhtiout ture. Fishing and limited ranching on Pacific Coast. coast.
most of route where there are scattered patches ,sf 

0
opulaticn density 6/sq. ml.

subsistence agriculture.

Construction features Loss of level of Like Nicaragua possibly endan- Conventional excavation crnnot proceed until nu- No app
qered by ground motion from nuclear detonations, clear excavation completed. Side slopes in 20 miles characte
Limited accessibility, of clay shales could present stability problems. cessibilit

Environmental impact Large area cut off from access to Lake Nicaragua. Strip along mountainous reachns would De covered Strips of
Ejecta from detonations distributed all along route, with material ejected from craters. Extensive with mat

Indian culture uprooted.

Nuclear effects San Jose and Managua would receive ground Possibility of Some minor damage In Panama City Risk of
motion and airblast damage. Fallout hazards from ground shock and airblast. Fallout hazards ground
should be contained within exclusion area. should be contained within exclusion area.

Exclusion area Exclusion area is 150-200 miles wide, covers E'.clusion area is 100 miles wide, covers 6,00 Excluslo
21,000 square miles and includes 675,000 people. square miles and includes 43,000 people. Best miles an

harbor site lies within exclusion area.

Expansion possibilities Expansion not considered necessary. Generally unlmilted. Twenty miles of conventional Generall
excavation would be required, almost all through by hydr
clay shale.

Miscellaneous With 8C, short New York-San Francisco route. Construc
Construction in two countries.

at 20 hours time in canal waters.
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TABLE 19-2

TERISTICS, ALINEMENTS INCLUDING NUCLEAR EXCAVATION

17 23 (Nuclear Dittose Cut) 25

$3,060.000,000 $2,570,000,000 $2,100,000,000

$57,000,O00/year $ 95,000,O00/yea r $84,000,000lyea r
42,000 transits,'year 50,000 transits/year 65,000 transits/year
J6 years 14 years 13 years
1,600,000,000 cubic yards 1,900.060,0•00 cubic yards 1,700,000,000 cubic yards
20 hours 20 hours 20 hours

la can provide a limited support base. La Palma and Turbo can provide a limited support T(urbo can provide a limited support liase.
base.

on Atlantic side; shallow draft capability None capable of handling deep draft vessels. None on Pacific side. Shallow draft port at Turbofic at La Palma. Shallow draft capability of La Palma and Turbo. on the Atlantic side.
n both coasts for deep draft vessels after Good on Pacific, side in Darien harbor; fair at, Poor on Pacific side; fair on Atlantic in Candelarla

Atlantic. Bay.
nj well protected approach on Pacific side. Very long well protected approach on Pacific side. Short approaches on both sides. Partial protectionartially protected ipproach on Atlantic. Short partially protected approach on Atlantic. on Atlantic side; less on Pacific.
of all routes. Tidal checks would be in Currents would exced two knots in the Tilira Currents over 3 knots will occur less than 1 day par01us use. estuary. month.

slsthmian or coastwise routes of communi- No transisthmian or coaskwise routes of communi- No transisthmlan or coastwise routes of cnmmuni-No all-wethe, alrfihlds, cation exceot Atrato and Tuira Rivers. No all- cation except Atrato River. N- all-weathe- air-
weather airfields, fields.

ountain ranges separated by alluvial ý .iey. Low extensive alluvial valleys near sea-ievel separa- Extensive alluvial valley and single ,igh mountainjungled throughout. Maximum elevation tea by broi: low mountain ridge. Heavily jungled range. Heavily jungled wheil. ground can supportet. where crouno can support trees: otherwise marshy, trees; otherwise marshy. Maximum elevation 950
Maximum elevation 450-500 feet. feet

ace investigations show twenty miles of Both subsurface and surface geology virt' illy Subsurface data indicates geology appears favorablea hy Shale which require flat side slopes and unknown. Possibility of weak clJy shales in divide for nuclear excavation in Continental Divide.use of nuclear explosives. Mountainous which would require rerouting or might preclude
pear amenable tt. nuclear excavation, use of nuclear explosives.
a floc' .- ontrol facilities required. Extensive flood control facilities required for Extensive flood concrol facilitie!, required for

Aarato, T,,rla, and Other streams. Atrato, Salacui and other streams.

tle cluvelopment. Curia Indian culture on Very little development. Minimum slash-and-burn No development in divide region or Pacific coast.coast. Minimum slash-and-burn agricul- agriculture. Fishing and limited ranching on Pacific Lumbering in upper Atrato and Truando Valleys.shlng asnd Ilimit-d ranching on Pacific Coast. coast. Population density 5/sq. mi. Small town of Rio Suclo midway along route.Ion density 6/sq. mi. Population density 3/sq. mi.

tional excavation cannot prcce•.i until no- No apparent problems but knowledge of physical None apparent. AsccessibHity and labor supplyavtion completd. Side slopes 'n 20 miles characteristics of route Is extremely limited. Ac- limited.ales could present stabity oroblarns. cessibility and labor supply limited.

ng mountainous reaches would be covered Strips of land along divide reach would be covered Strips of land along divide reach would be coveredatrial ejected from craters. Extensive with material ejected fr)m craters, with material ejected from craters. A large expanseulture uprooted, of the Atrato flood plain would be reclaimed.
ty of some min-,r damage In Panama City Risk of mincr damage In m.i'r~politan areas from Sonie minor damage may occur in distant popula-ound shock and alrblast. Fallout hazards groind motion Is the least of nuclear routes. tion centers from ground motion effect.. Fallout
•*e contained within e.luslon area. hazards should be contained within exclusion area.
n area is 100 miles wide, covers 6,500 Exclusion area 90 miles wide, covers 6,t,00 square Exclusion area covers 3,100 square miles andmiles and includes 43,000 people. Best miles and includes 30,000 people. includes 10,000 people.
•i lies within exclusion area.

unlimited. Twenty miles of conventional Generally unliir,.ted. Much could be accomplished Easiest ano cheapest of all routes to expand to then would be required, almost all through by hydraulic dredging. full two lanes. Can be accomplished almost entirely

with hydraulic dredging.
Construction In two countries. Longest New York-San Francisco route.
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"TABLE 19-3

SUMMARY OF ROUTE CHARAL,ýERGSTICS, LOCK CANALS

Route 5 Nicaragua

Design ,lp 150,000 dwt

Locks end size double-lane, 3-lift; 1450 x 160 x 65 feet.

Ch; eele size 500 x 65 feet (max 75 feet)

Summit pool elevation 105 - 110 feet

Channel be tto,' elevation 35 feet

Land c.1 173 miles

Approach c;ezaftd 4 miles

Capacity 25,000 transits/year (TICW 36 hours)

Construction cost $5,700,000,000

Annual O&M cost $110,000,000

Excavation volume 1,700,000,000 cubic yards

Construction time 12 years

Supporting facilities Virtually nonexistent. Granada can provide a limited support base.

Existing harbor facilities Limited small boat facilities exist at San Juan del Sur; even less at San Juan del
Norte.

Harbor potential Good potential 3xists at Salnas Bay, 35 miles southeast of Brito.

5'pproaches/coasts Deep water close on both coasts. No proter'-on except in Salinas Bay.

Routes of communication No transisthmian road or railroad. Coastwise road only on Pacific side. Waterborne
traffic on Lake Nicaragua; small boats on San Juan River. No nearby all-weather
airfields.

Terrain Jungle-covered, alluvial, coastal plain on Atlantic side. Low ranges of hills on both
sides of Lake Nicaragua. Maximum cut at elevation 400 feet.

Geology Surface r'ata indicate geology Is conducive to canal construction.

Flood control, river diversion and water supply Adequate water supply available to meet transiting requirements. Large
Impoundrment dam required.

Local development Basically undeveloped except or divide slopes where ranching predominates.
Population density 5/sc. ml. throughout most of route. Scattered patches
of slash-and-burn subsistence agriculture In forests.

Construction problems The locks and lock gates would be massive structures requiring special attention.

Environmental Impact Spoil disposal In Lake Nicaragua and oceans should present no proble..'Is. Popu-
lation displacement wodld be minimal

Expansion possibilities Costly because of length. Limited without construction of new locks.

Miscellaneous Long land cut. Shortest New York-San Francisco ldk canal route.
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TABLE 19-3

OUTE CHARACTERISTICS, LOCK CANALS

Si aaaRoute 15 Deep Draft Look Canal

15J,000 dwt

let. singe-lane; 3-lift; 1,450 x 160 x 65 feet

41", x 65 feet (max 75 feet)

82 - 87 feet

12 feet

36 miles

20 m;les

35,000 transits/year (TICW 25 hours)

$1,530,000,000

$71,000.000

560,000.000 cubic yards

10 years

1v ide a limited support base. Virtually .omplete facilities at Cristotai-Co'on and Balboa-Panama City.

kn Juan del Sur; even less ;At San Juan del Deep draft capability In Limon Bay and at Balboa Is not sufficient to
accommodate 150,000 dwt .hips.

15 miles southeast of Brito. Fair on Pacific side; good on Atlantic In Limon Bay.

otection except In Salinas Bay. Approaches are reletlvely long.

Pwlse road only on Pacific side. Waterborne Best of all routes. Two-lane, all-weather, translsthmian road. Transisthmian rail-
Jon San Juan River. No nearby alliweather road. Coastwls roads and all-weather airfields on both coasts. Water access

available through existing canal.

Sn Atlantic side. Low ranges of hills on both Essentially follows present lock canal route and Third Locks cuts.
It at elevation 400 feet.h€ive to canal construction. Fairly well known; extremely variable. Weak fcrmatlons In divide area would

require flat side slopes.

lot transiting requirements. Large Must pump water to meet transiting requirements.k slopes where ranching predominates. Region hl;hly developed to support Panama Canal shipping.

Ut most of route. Scattered patches
te int forests.

yve structures requiring special attention. Mutual interference between canal traffic and construction effort can be expected.

teens should present no problems. Popu- Pumping to augment water supply may render Gatun Lake bracl,ish And increase
Interoceanic transfer of blota. Spoil disposal in Gatun Lake may dlý'opt ecology
adversely.

Out construction of new locks. Limited without construction of new locks.

Francisco lock canal route.
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The sailing ship "Lord Templeton" passing between Gold Hil. and Contractor's Hill. June 12, 1915.

Culebra Cut looking south from the west bank near station 1760, showing condition of both banks. Feb. 25, 1915.
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PART IV

COMPARISON OF THE MOST PROMISING ALTERNATIVES
From the foregoing analysis, it is apparent that:

- From a technical viewpoint, all of the sea-level routes which have been considered
for construction exclusively by conventional means are feasible. Any of them could
be constrtcted with techniques and resources now available. They are not,
however, equally desirable. Some have characteristics which put them at a great
disadvantage relative to other routes. (See Table 19-1.) Consequently, the routes
listed below have been ciminated for further consideration ih. this study for the
reasons shown:

Route 8 Conventional - Requires excessive excavation.
Route 14 Combined - Involves more interference with, and risk to, con-

tinuous operation of the Panama Canal during con-
struction than does Route 14 Separato.

Route 23 Conventional - Requires excessive excavation.

- The feasibility of nuclear excavation techniques at suitably high explosive yields
has not been established; hence, no route requiring nuclear explosives can be
considered now as an alternative to a canal excavated by conventivAal means. It is
possible, nevertheless, to discriminate among the several nuclear routes and to
identify features which remove some of them from further consideration. (See
Table 19-2.) These routes, with their principal disqualifying features, are:

Route 8 Nuclear - Displaces anl unacceptably large portion of the populations
of two countries.

Route 17 - CosLt more than Route 25; the 20-mile reac1 : a..ross the

Chucunaque Valley through clay shales requires costly
conventional excavatson, and presents ,'ntinuing slope
stability problems.

Route 23 Nuclear - There are insufficient data on which to make engineering
estimates for either alternative involving nuclear excava-
tion; longer and apparently more expense than Route 25.

All lock canal options examined in this stuidy are technically feasile; however,
none could be expanded economicall to meet the Commission's criteria for
60,000 annual transits by the year 2040. Between Route 5 and Route 15, Route 15
is clearly superior.
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The most practicable conventionally excavi*ed sea-level canal routes, together with the
preferred nuclear route, will be examined in more "-tail in succeeding pages.* These routes
and the principal reasons for their retention are:

Route 10 - Involves relatively small excavation quantities; retains the full
Panama Canal capability at minimum risk during construction
and for as long as desired afte; construction; and has good
supporting facilities available.

Route 14 Separate - Combines relatively small excavation quantities with the best
available suppc Ating tacilities.

Route 25 - Offers the 'east costly alinement for construction and sub-
sequent exransion if the feasibility of nuclear excavation
becomes estabhshed; retains the fuil Panama Canal capability.

I

*Even more detailed examinations appear in th, appendixes: Route 10 and 14S in Appendix 10; Route 25 in 4ppendix
13.
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CHAPTER 20

ROUTE 10

The alin,-ý ent (Figuire 14-1) and general characteristics of Route 10 have been
described in Chapter 14.

Capacity: Three channel configurations proposed for Route 10 deserve serious
considerati,-a. Listed in increasing order of transit capacity* and construction cost, they
are:

- A single-lane channel, 36 miles long;
- Two single-lane channels, each I1 miles long, connected by a 14-mile centrally-

located two-!ane bypass section; and,
- Two parallel single-lane channels, 25 miles long, with an extended Atlantic

approach channel.

In each case the single-lane design channel would lie between 1,400- by 85-foot
two-lane approaches. Each alternative would employ t'Jal check gates to limit currents.
figures 20-la, -lb, and -Ic show the locations of these gates and indicate how each
alternative would be operated to hold tidal current velocities below 2 knots.

The single-lane channel would be built first. The bypass channel would be added to be
available when traffic requirements exceed the capacity of tile single-lane configurationt.
The ultimate capacity would be reached by extending the bypass and the Atlantic approach
channel to achieve a full two-way capability. Table 20-1 gives capacity-cost data for these
configurations.

Channel design and ship spacing calculations were b.sed on 150,O00-dwt ships
operating unassisted in 4-knot curre,.ts; however, because of lack of prototype experience,
capacity calculations assumed a 2-knot maximum current iimitatic , and the use of tug' to
assist navigation. A tug fleet and tidal checks were included in coht estimates. Under thcse
assumptions, with tidal checks in continuous use, the design channel would give slightly
more than the desired initial design transit capacity. Table 20-2 summarizes the
characteristics of the three Route 10 configurations.

In light of these considerations, the 36-mile singe-lane channel was selected as the most
appropriate for initial construction on Rouwe 10. At first, currents in the canal would be
kept under 2 knots by tidal checks located At the Pacific terminus and at a point 25 miles
toward the Atlantic from the Pacific end. Capacities shown in this study are based on this

*For some limiting currents, the order of transiting capabslity would be different from that shown here. See Table 20-1.

tConstruction of 'he bypass might be deferred until the demand for transits exceeds the capacity of a combination of
Rout2 10 mud the Panama Canal.
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TABLE 20-1

ROUTE 10 CAPACITY-COST DATA FOR DESIGN CHANNELS

Allowable Annual Transits Average "4 ;CWb in hours at given
Current and at 20 Hours Number of Transits per Year:

Configurationa Average TICWb 35,000 60,000 100,000

2 knots:
Single 38,000 12 c c
Bypass 56,000 6.2 C c
Two-lane 114,000 5.5 5.5 5.9

3 k riots:
Single 45,000 14 c c
Bypass 56,000 6.2 c c
Two-lane 114,000 5.5 5.5 5.9

4 knots:
Single 66,000 12 16 c
Bypass 57,000 6C3 37 c
Two-lane 195,000 5 0 5. 5.0

Estimated Incremental
Incremental Design and

Canal Construction Construction Fixed O&M
Configurationa Cos (W/Gates)d Timed Cost /Yeare

Single $2,880,000,000 14 years $35,000,000

Bypass 460,000,000 4 years 34,000,000f

Two-lane 1,520,000,000 7 years 41,000,000

aSingle denotes a 36-mile single-lane channel; bypass denotes a 36-mile single-lane channel
with a cent-ally located 14-mile-long bypass; and two-lane denotes a combination of two
parallel single-lane channels and extended two-lane approach channels.

bTICW is time in canal waters, a combination of waiting time and transit time.
cCapacities cannot be achieved for the stated configuration or require a TICW of over 40 hours.
dCosts and time for the bypass configuration are the additional mosts and time over and above
those for the basic single-lane configuration; costs and time for the two-lane configuration
are over and above those for the bypass configuration.

eVariable operation and maintenance costs would average about $640 per transit.
fThe lower cycle times associated with the bypass configuration lead to more efficient use
of operating personnel.
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TABLE 20-2
CHARACTERISTICS OF ROUTE 10 CONFIGJRATIONSa

Single-lane Configuration Bypass Configuration Two-lane Conr.guration

Capacity Would slightly exceed the initial transit WoUld approach year 2040 Would exceed foresbeabia

requ rement f35,.000 transits per year) transit requirement (60,000 requirement.
at 20 hours avxage TICW. transits per year).

Average time 12 hours at 35,000 annual transits. 6.2 hours at 35,000 annual 5.5 hours at 35,000 annual

in canal trallsits. transits.

waters ITICW)

Navigation Ship zteed mu~st be regulated to Ship speed aoid spacing must Ship speed must be set to

mdtc. Adal check operation, be programmed carefully to match tidal check operation,
fit the rraximum number of Configuration requires the

ships into the bypass most travel in a two-lane
secticns in each gate reach.
operat:on cycle. Unchecked

currents would be nigher

than for other configurations.

Flexibility Capacity, transiz time, cycle time Convoy size would be limited Great flexibility would exist
of operation and TICW would be restricted a5 long as the bypla is used, despite the need to use

by tidal check operation. Flexibility but the canal may be used in tidal gates.

would impro.e with higher a single-lane configuration.
acceptable currents. Capacity, transit timEo

cycle time and TICW would
be restricted by ticial check

onaration

Expansion Could be expeaded to bypass Could be expanded to two- No foreseeable need

configuraxion witnoat se-ious lane configuration without

interference with traffic. serious interference with

traffic.

Capacity at Wouid exceed year 2040 transit Relaxing the current lim.ta- Would exceed any foresee-
higher IEmit- !-gquirement at I knots. toon vxukld not increase able requirement at 2
ing current transit capacizy. knots or above.

aBased on the desiq. channel and, except where specifically stated, a maximum -urrent of 2 knots. Tidal check gates

would be in continuous u, se.

metitcd of operatior. To alloy, fc,: th,; possibility that these current limitations might be
unduly restrictive, a third gate sill would 1e constnrcted at the Atlantic end to facilitate
subsequent installati-n of anotner tidal check that could be used in conjunction w'th the
check on the Pacific side to permit maximum current velocities to reach 3 or 4 knots,
thereby increasing the canal's capacity.

Geology: The alinemrnert passes through two markedly different geologic regions. The

area from the Pacific shore to the southern portion of the Chagres basin is an igneous
complex composed or basalt flows intercalated with highly altered tuffs ind agglomerates.
Thi3 area, which includes the Continen~tal D'viie, ;oi.tair. lo.,ail basalt intrusives and
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extrusives and is bordered by thick deposits of muck in the littoral swamps and lowlands.
Excavation of the northernmost 10 miles of the alinement, lying between Gatun Lake and
the Atlantic coast, would encounter only sandstone formations. In Gatun Lake and along
the coastlines these sedimentary rocks are mantled by thick deposits of muck.

The geologic characteristics of the divide are significant, si,ýce about 60 percent of the
total excavated volume would be from this sector. To enhance t",, reliabilit ' of Route 10
cost estimates, the Commission undertook a geologic exploratron Orgram. concentrated
primarily in this reach. The geolgy of the divide area, s.'vn - i,,file in F;gure 20-2, is
extremely complex structurally. It is the result of intei.nittent volcanic activity and a series
of north-south normal faults controlled by regional tectonic forces.

Geologic samples taken during the exploration show wide variations in strength,
indicating that channel side slopes required for stability within the divide reach would also
vary through a wide range. Where sound rock extends well below channel depth, excavation
could be based on slope criter~a established for high quality rock. In other areas, including
the highest portions of the divide, the massive basalt cap and underlying basalt flows do not
extend to the bottom of the cut. The basalt is underlain by or intercal Ited with softer rocks,
including altered volcanics which exhibit the weakness and general characteristics of clay
shale. Where these. weaker rocks would be exposed by excavation, slope design would have
to be based on criteria established for soft rock.

The remainder of the land cut from the foothills of the divide northwest across Gatun
Lake into the Atlantic would be through sedimentary rock of the Chag-es, Gatun, and
Caimito formations. Elevations in this area reach a maximum of 360 feet. Design of the
slopes in these sandstone formations could be based upon criteria for intermediate quality
rock. As evidenced by the '1hird Lecks cut, made through the Gatun formation during
1939-1942, these rocks would stand on relatively steep slopes. The Chagres and Caimito
formations were r'it exponed in the Third Locks excavation but they closely resemble the
Gatun formation geologically and could be excavated on similar slopes.

The Atlantic approach consists largely of Chagres sandstone; the reach across Gatun
Lake consists of Caimito and Gatun sandstone covered by thick deposits of muck; and the
Pacific approach consists of intrusive basalt and soft altered volcanic rocks. Cuts in these
sections would be relatively shallow.

Excavation: The total quantity of material excavated along Route 10 would be about
1.9 billion cubic yards. An open-pit mining/rail haul system would be the least costly
method for accomplishing most of this work. Shovel excavation with truck haul could be
used in the higher elevations. The general excavation plan upon which estimates were based
is shown in Figuire 20-3.

Apart from the unprecedented amount of material to be removed, the only unusual
feature of Route 10 excavation operations would be the construction of massive barrier
dams built across relatively narrow reaches of Gatun Lake. These would allow work areas to
be unwatered to permit excavation in the dry over most of the route. The cross section of
the dams is shown in Figure 20-4 along with their location. Initially, hydraulic pipeline
dredges with 27-inch discharge lines would remove as much as 50 feet of muck from the
lake botion, tinder the dam sites to expose competent rock. Fill would then be placed by
trucks and rail cars working out into the lake from the shorelines and dumping along a
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2,000-foot advancing face. Although there is no precedent for constructing a dam of this
size in this manner, it appears entirely practicable for this project. There is ample precedent
for excavation and fill placement in water depths comparable to those in Gatun Lake.

Areas w,,i.' could not be excavated economically in the dry would be excavated with
floating equipii,.iit. hydraulic pipeline dredges would remove muck and soft rock in the
Atlantic approach and across Gatun Lake. Hopper dredges would be used for the soft
materials in the Pacific approach, while barge-mounted draglines would excavate the harder
materials.

Excavation alone would cost about $2.0 billion, including $50 million for barrier dam

construction. Quantities of materials removed, by type, would be:

Type of material Cubic yards Percent

Common 390,000,000 21
Soft rock 830,000,000 44
Medium rock 180,000,000 10
Hard rock 470,000,000 25

Total 1,870,000,000 100

Spoil disposal areas: Adequate spoil disposal areas would be available because of the
undeveloped nature of most of the land around Route 10 and the accessibility of Gatun
Lake and the ocean areas immediately adjacent to the canal's terminals. Most of the material
would be removed by open-pit mining/rail haul operations and would be deposited on land
presently covered by jungle growth. This would involve the least total cost and would
rifinimize dumping in Gatun Lake, where ecological values might be affected, and in the
ocean, where operations could be hindered by rough water and shallow depths.

Stream diversion: Streams affected by construction of the canal along Route 10 would
include the Trinidad and Ciri Rivers (drainage areas totalling about 288 square miles) and
Carlo Quebrado (drainage area about 70 square miles). They would be canalized and
diverted to the Caribbean by way of the Lagarto River at whose mouth a dam and a short
diversion channel would turn the discharge,- of the streams away from the canal's terminus.
The Caimito River (drainage area about 1:27 square miles) would discharge over 'I spillway
directly into the canal. Concrete weirs and drop inlet structures would be constructed
wherever major changes in natural stream slopes occur. Flood diversion plans are shcwr. on

Figure 20-. The total cost of flood control and diversion facilities is estimated tt be
approximately $20 million.

Harbor facilities: Requirements for new port facilities would not be extensive, since

those now existing at Cristobal and Limon Bay on the Atlantic coast and at Panama and
Balboa Harbor on the Pacific could be adapted to serve Route 10. These facilities would
require enlargement as traffic increases. Portions of the channels and harbor areas would
4,ave to be deepened to accommodate larger vessels, but it would not be necessary to

provide docks for ships of more than 40-foot draft, since protected mooring areas would
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suffice. Wharves and miscellaneous administrative and storage buildings would be built at
the canal terminals. The general locati%;n of harbor facilities is shown on Figure 20-5; their
cost would be about $37 million.

Also shown in Figure 20-5 are locations of breakwaters on the Atlantic side and of a
jetty on the Pacific. These structures would be built with rock excavated from the canal.
The breakwaters would shelter the harbor from northeasterly storms, while the jetty would
protect the approach channel from westward littoral drift.

Tidal c-hecks: The costs of constructing and operating tidal checks are included in all
estimates. Several types of gates have been proposed: these are shown and discussed in
Chapter 8. In addition to fabricating the gates, construction of tidal checks would entail
placing the sills, providing side wall recesses into which the gates would fit when open, and
installing control mechanisms. The cost of the tidal checks, estimated to be about $70
million, includes all below-water construction required for alternate current limitation
options.

Conversion: The construction o' barrier dams to isolate Route 10 from Gatun Lake
would allow operation of the sea-level canal without physically affecting the Panama Canal.
No special construction would be iequired to convert operations froni the lock canal to
Route 10.

Supporting construction: A number of items would be required to support the
construction operations. These include health and sanitation facilities, housing, highways
and bridges, clearing and relocations, and the installations needed for operating and
maintaining the canal. The total cost of these items would be about $247 million.

- Health and sanitation: Experience with large construction projects in the tropics
emphasizes the need for a vigorous preventive medicine program with stringent
sanitary measures. This prc'gram must begin during preconstruction planning,
continue throughout the entire construction period and carry on into the
operational phase. Particular attention should be given to immunization, water and
sewage treatment, food service sanitation, insect and rodent control, water
drainage, area sanitation, waste disposal, and health education. Immunization
would be directed primarily against yellow fever, srmallpox, typhoid fever,
poliomyelitis, and tetanus. Malaria prevention would have a high priority.

An extensive medical support plan would be instituted at the start of the project
and phased into post-construction operations. Hospital support would be based -t
existing facilities in the Canal Zone where an estimated additional 50 beds would
be needed for the construction force, including dependents. A dispensary would be
established at each end of the route to provide medical service to its area; first aid
stations would be set up at the major construction sites. rhe dispensaries would
continue in operation at reduced levels after the completion of construction.

Medical support would oe designed especially to care for construction accidents
and to alleviate the effects of malaria and other parasitic diseases, enteric
infections, skin diseases, and other tropical ailments. Both medical support and
preventive medicine programs would have to be coordinated closely with Canal
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Zone and Panai aanian authorities since the success of the programs would depend
in large part oa existing parali.ei "'fforts carried on by these authorities. Costs
associated with health and sanitatik n Ire ertimated to be about $24 million.

- Housing and related support requirements: Facilities required for construction and
operating personnel would include housing, utilities, and those needed to provide
community services. During the construction phase, proje . personnei would be
furnished housing cor..parable to that cotimonly available at long-term construc-
tion projects in the United States. Maximum use would be made of available
housing in the Canal Zone and its immediate vicinity. Permanent facilities required
for operating the canal, which also -oulH be utilized during the construction phase,
would be built so as to avoid C plication. Figure 20-5 includes possible sites for
housing facilities. These communities would cost about $94 million.

- Highways and bridges: Provision would be made for a road network consisting of a
transistnmian highway parallel to the alinement to assist in operating and
maintaining the canal, and for secondary roads required during construction. The
transisthmian highway would be an all-weather two-lane road running east of the
alinement and crossing Gatun Lake on the barrier dam. It would be used to support
both constiiction and subsequent operation and maintenance activities. A
high-level highway bridge would be built at the Pan American Highway crossing of
the sea-level canal. Neither large airfields nor permanent railroads would be
included in the project. Figure 20-5 shows the proposed locations of the roadnet.
The cost of providing it is estimated to be about $41 million.

- Clearing and relocations: The total cost of this item, $16 million, is attributable
almost entirely to clearin Y, 'ince few relocations are required on this route.

- Operation and mainterance facilities: Facilities (e.g., roads, bridges, and townsites)
provided for construction would be used to the maximum extent practicable for
the operation and maintenance of the se,'-level canal. Additionally required
operating facilities would include tugs, aids-to-navigation, communications ald
piiot facilities. A flezt of tugboats would be needed to assist larger ships in
operating safely and to attain required transiting caoacity. Maintenance facilities
would include buildings yards, and locks for supý 3rting dredging operations and
ship salvage. Hydraulic and mechauical dredges uwed in the constructiut phase
would be utilized to the maximum t xte-it possible as ,mainte-nance equipment. The
total cost of new operating and maintenance facilities would be approximately $72
million.

Schedule: The shedule developed for Ihe design and construction of a cainal along
Route 10 (Figure 20-6) provides a 2-year de:.ign phase preceding the Aart of construction.
Preparatory work, such as clearing, reloca:ions, highways, and initial constrý:ction of
townsites and power distribution systems, would start about the beginning of the third year.
Channel excavation would start at the beginnir.g of the fourth year.

Personnel: Figure 20-6 also shows personnel requlremtnts for the design and
construction of a canal on Route 10. Personnel concerned witl, , ration cf 'he canal

after construction would be of two types: tt ose who operte! , z.id -,ve who
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PERSONNEL 260 260 1770 4220 0)70 6610 66)0 6420 680 5800 5790 C 0 51 3670
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CHANNEL
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(53; 000,000) . 7
TIDAL CHECC
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($7010001000)

SUPPORTING
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IS247,000,0001

'Width of bar shows reirtive amou~nt of activmy fix.r aimajor constructionl item~.r nlue oads, bridges. housing, clearing, relocations, grea sanitation and health and operation and maintenanca facilities.

ROUTE 10 COST, PERSONNEL AND CONSTRUCTION SCHEDULE

FIGURE 20-6

support its operation. Initially, the canal operating personnel would number 2,200 and the
supporting group 890. Personnel requirements would grow with the number of transits as
demands for traffic control, piloting, dre-dging, and tug services increase.

Cost summaries: The estimated cost of constructing a 36-mile single-lane canal with
tidal checks on Route 10 is about $2.9 billion.

The costs of the principal elements are:

Channel excavation $2,030,000,000
Flood control 20,000,000
Harbor facilities 37,000,000
Tidal checks 70,000,000
Supporting construction 247,000,000

Subtotal (rounded) 2,400,000,000
Contingency (12%) 290,000,000

Subtotal 2,690,000,000
Engineering, design, supervision,

and administration (7%) 1 90,00oCOO
'GRAND TOTAL $2,880,000,000
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Addition of a bypass to the basic plan would increase this figure by about $460 million to
an estimated total cost of S3.3 billion.

A schedule of costs by year is shown in Figure 2G-6.

Real estate: The basis for estimating the value of real estate acquisitions on all proposed'
routes has been discussed in Chapter 9. Most of the land required for Route I?) is owned by
the Government of ' anama, although some 2,000 people now occupy parts of it. The lotz=
value of necessary real estate rights for the approximately 100 square miles of land teat
would be permanently acquired, or through which permanent or temporary earmernts
would be obtained, is estimated to be about $24 million. This amount is not included in the
summary table.

Environmental changes: Construction of the canal would alter the ecology of the region
from an upland, sparsely cultivated agricultural ecosystem to a more complex one,
containing agricultural land, salt water and contact zone components. These changes,
although drastic, are not expected to adversely affect the ecological balance or the ability of
local inhabitants to utilize natural resources in the immediate area of the canal. Peripheral
areas required for spoil and construction operation need be affected only temporarily, since
encroachment cf vegetation following construction would be very rapid in the tropical
climate.

The net flow of sea water thrcugh a canal along Route 10. if tidal checks are not used,
would average about 45,000 cubic feet per second* from the Pacific Ocean to the Atlantic.
While this volume of water is probably too small to produce significant widespread changes
in the physical characteristics of the madine environments, other potential effects deserve
aitention. The sea-level canal would provide a limited pathway for mixing biota from
different ecosystems. Compared to the Pacific, the Atlantic system exhibits greater habitat
diversity and, for certain groups of oiganisms, appears to havt a richer fauna with more
dominant competitive characteristics. Concern has been expressed that some species
eventually might become extinct if a biotic barrier is not installed in the canal. Although not
designed specifically as biotic barriers, tidal gates could reduce the net transfer of water
between the oceans to nearly zerc and could provide an effective, but not perfect, barrier.
Even if no other mechanical barrier were installed, turbidity of the canal water and inflow
of fresh water from the Caimito River and smalle-r streams could be expected to inhibit
transisthmian migration of marine life.

Operation and maintenance costs: Fixed O&M costs for Route 10 would average about
$35 million per year, witi- periodic fluctuations caused by replacement -A major facilities.
Variable O&M costs would be about $640 per transit, including the cost of operating the tug
fleet. These costs may be combined into a single total annual operation and maintenance
cost which, at 35,000 transits per year, would be $57 million.

*By comparison, the average flow of the Missouri River past Kansas City is 55,000 cubic feet per second.
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Opmention with the Panama Canal: Operating Route 10 in conjunction with the Panama
Canal offTrs several advantages. The lock canal could function initially as an alrernate and
cventt.aily as a supp'-nicnt to the sea-evel canai. It would be advantageous to retain the
Panama Canal in operable stat" until the stability of flood control structures and of the
sea4evel canal slopes seems reasonably assured. Although the risk of slides on Route ; 0 and
the duration of resultant interference to traffic cannot be stated explicitly, the availability
of the Panama Canal would greatly reduce their consequences.

Possibly more important than its availability in time of emergency would be the
additional capacity that the kick canal could bring to a system including both the new and
old routes. If ship tr2.nits were restricted indefinitely to currents of no more than 2 krets.
inuiting the capacity of Route 10 to .;bout 38,000 aiirial transits. the Panarma Canal t
previde sufficient additional capacity to eimable the system to i-.et requirements throuj.i
the year 2040. Although capable of handling only ships smaller tha.: 65.000 dwt. he
Panama Canal could accomniodzte most of the ships passing through the system- Controlled
scheduling would direct arriving ships to the appropriate caia; for trar<.it.

If Route 10 and the Pa,.ma Canal were incorporated into a single system. the two
canals could operate as two divisions of one organization.

The ability of the Panama Canal to function effectively as a supplement to Route 10 far
into the future depends on the useful life remaining to it. Its du- -ion cannot be predicted.
Now nearly 60 years old, the canal's lock- have attained the age at which many engineering
facilities are considered obsolete. There is no evidence, however, that tVe locks .:annot
continue in operation for several decades.
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CHAPTER 21

ROUTE 14S

The alinement and general characteristics of Route 14S (Figure 21-1) have been
discussed in Chapter 15.

Capacity: ThDee channel configurations have been considered foi Route 14S. Each
configuration includes the design channel between two-lane approach channels which have a
1,400- by 85-foot cross section. The bypass configuration adopted on Route 10 was not
considered suitable for Route 14S because the topography precluded effective siting of a
bypass. Expansion of the canal's capacity would be accomplished for the riost part through
progressive shortening of the single-lane section by extending the two-lane Atlantic
approach across Gatun Lake. In order of increasing capacity and construction costs, the
three configurations, identified by the length between approach channels, are:

- a 33-mile single-lane section;
- a 24-mile single-lane section; and,
- two parallel 19-mile single-lane sections.
All of these options would be constructed with tidal check gates to linmt the maximum

,Lu--.-nt of 2 knots. The location of the tidal checks would vary with the cornfiguration and
the acceptable maximum current velocities. Methods of operation with tidal checks located
for a 2-knot maximum current are shown in Figures 21-2a, -2b, and -2c. Table 21-1 gives the
capacity and cost data for the configurations at 2-, 3-, and 4-knot limiting currents. The
capacity of the least costly alternative, with currents limited to 2 knots, would exceed the
initial design criteria slightly. Other characteristics of the three options are compared in
Table 21-2.

Based on the data and characteristics presented in the tables, the configuratior.
preferred for initial construction on Route 14S would be with the 33-mile design channel
and with tidal checks 24 miles apart to limit currents to 2 knots. Additional gate sills
would be installed during construction to permit regulation of maximum currents at 3 or 4
knots, should experience show that a 2-knot limitation is too restrictive.* If navigation in a
4-knot current were found acceptable during actual operation, this configuration could
provide a capacity approaching the 60,000 annual transit iequirement for the year 2040. If,
on the other hand, operation in currents over 2 Knots were to prove unsafe, any capacity
increase would have to come through additional construction or operational improvements
not now fjveseen.

*The optimal gate IoitViors for both 3-knot and 4-knot currelt ii,'itations are 33 miles apart at the ends of the one-way

setfion.
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TABLE 21-1

ROUTE 14S CAPACITY-COST DATA FOR DESIGN CHANNELS

Allowable Anoual Transits Avrage TICWb in Hours at Given

Current and at 20 Hours Number of Transits Per Year:

Configulationa Average TICWb 35,000 60,000 100,000

2 knots:
33 mi single-lane 39,000 9.9 c c
24 mi single-lane 55,000 8.3 c c
19 mi two-lane 82,000 6.1 6,3 c

3 knots:
33 mi siogle-lane 42,000 15 c c
24 mi singql-lane 55,000 8.3 c c
19 mi two-lane 82,000 6.1 6.3 c

4 knots:
33 mi single-lane 59,000 12 23 c
24 mi single-lane 58,000 8.5 29 c
19 mi two-lane 113,000 4.9 4.9 12

Estimated Design and
Canal Constructio, Constru ion Fixed O&M

Configuratio:na Costd Timeu Costs/Yeare

33 mi single-lane $3,040,000,000 16 years $34,000,000

24 mi single-lane 430,000,000 4 years 33 ,0 0 0,0 00 f

19 mi two-lane 1,670,000,000 7 years 40,000,000

aConfigurations are given in length of design channel reach. Two-lane approaches at both

ends are orovided. Tidal gates are placed at optimum locations.
bTICW is the time spent in canal waters, a combination of waiting time and transit time.
CCapacities cannot be achieved for the stated configuration or require a TICW of over 40 hours.
dcosts and time for the 24-mile single-lane configuration are the additional costs and time over

and above those for the basic 33-mile single-lane configuration. Costs and time for the 19-
mile two-lane configuration are over and above those for the 24-mile single-lane configuration.

ý'Variable operation ano rraintencnce iosts would average about $640 per transit.
fThe 24-mile single-lane co,.figuration has lower costs because of improved efficiency.
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TABLE 21-2
CHARACTERISTICS OF ROUTE '4S CONFIGURATIONba

33-mh Single-Lane Channel 24-mile Single-Lane Channel 19-mile Two-lane Channel

Capecity Would slightly exceed Initial reqjinr- Would approach yser 2040 Would axeaed yeer 2040 re-
ments (35,000 tresift pm year). requirement. (60,000 tean- quirement by a third.

sits per year).

Average 9.9 hours at 35,000 annual trmnsits. 8.3 hours at 35,000 annual 6.1 ,iours at 35,000 annual
tine in transits. transits.
canal waters
(TICW)

Navigation Ship speed must be set to match Ship speed must be set to Ship speed must be set to
tidal check operation. Configure- match tidal check operations. rratch tidal check operation.
tion requires the most travel in a Configuration requires the
one-lane reach, the least in a least travel in a one-lane
two-lane reach. Unch3cked currents reach and the most in a two-
would be the least of the three con- lane reach.
figurations.

Flexibility of Capacity, transit time, cycle time and Capacity, transit time, cycle Despite the neqd to use ti-
operation TICW would be restricted by tidal time and " ICW would be re- del gates, the complete

check gate operation. Flexibility stricted by tidal check gate two-lane capability makesS.culd improve with higher accept- operation. this the most flexible of
able currents for navigation, the three configurations.

Capacity at Negligible increase at 3 knoj, but Increase in acceptable cur- Negligible increase at 3
higher accept- a 4-knot limit with tidal checks rent velocity provides no knots, but 4-knot limit
able currents would allow a capacity approaching significant capacity would provide a capacity

the year 2040 requirement. increase for this configure- of over 100,000 tanmsits
tian. This configuration per year. This configuration
requires that tidal gates for requires that tidal gates for

3- arid 4 knot limiting cur- 3- and 4-knot limiting -ur-
rents b4 closer than opti- rents be closer than
mum gracing. optimumn spacing.

Expansion Capacity could be increased 40% Capacitj could be increased No foreseeable need.
by extending apprwches. Ex- 50% by extending approaches
pension work would entail some and providing a dual channel.
interference with transiting Expnnsion work would entail
ships. some interference with trans-

iting ships.

abased on the design channel and,, except where specifically stated, v ;Tmximum current of 2 knots. Tidal check

gates would be in continuous use.

Geology: Route 14S is alined generally to take advantage of the low relief through
which the ranama Canal was excavated. The divide cut has been moved southwesterly about
I mile to avoid the weakened slopes of the Panama Canal and to lessen interference with
existing canal trafiic. Although shifting the alinement through this reach would increase
excavation volumnis over those for Route 14C, it would eliminate many of the problems of
maintaining traffic in the existing canal throughout the excavation period.

The route crosses two majo. geologic areas. The first is an igneous complex, extending
from the Bohio Peninsula in Gatun Lake acro;s the Continental Divide to the Pacific coast.
It consists of altered tuffs and agglomerates, but basalt flows and basaltic intrusions are
common. Tuffaceous sandstones, limestorie;. and shales are found locally. In the area
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northwest of the Bohio Peninsula and in the lower Chagres Valley, the lithology is
considerably different, and consists of sdimentary sandstones of the Gatun and Caimito
formations. In Gatun Lake the Caimito formation is overlain by Atlantic muck. Thick muck
deposits also occur in the coastal lowlands atO in shallows along both the Atlanti.* and
Pacific approaches.

To locate the best alinement, extencive use was made of the Panama Canal Company
records and previous studies, and a program of field explorations and geologic studies was
conducted. The program was concentrated in the Continental Divide reach which entails 60
percent of the total excavation and where the most difficult problems associated with
geologic structure and lithology would be encountered. Geologic formations with a history
of slides were sampled and tested to determine their physical properties for use in studies of
slope stability during and after excavation. Particular attention was given to the Cucaracha
and the Culebra formations in which numerous slope failures occurred during construction
of the Panama Canal. Cerro Gordo, an isolated peak risirg to an elevation of 958 feet and
forming a portion of the divide, was also studied in considerable detail. The Route 14S
alinement, as shown on Figure 21-1. passes close to it. Excavation along the route would
require removal of about 300 million cubic yards of material from the north and
northeastern flanks of Cerro Gordo to preclude the possibility of massive slides capable of
blocking the canal. The alinement uses the excavations made as part of the Third Locks
project at Gatun and Miraflores. A geologic profile of the divide cut is shown on Figure 21-3.

The most critical reaches of the divide are from Station 1650 to Station 1740, adjacent
to Cerro Gordo, and from Station 1780 to Station 1870, adjacent to Cerro Paraiso. In these
areas the Cucaracha clay shales are either exposed or underlie more competent basalts and
the Pedro Miguel agglomerates. The Cucaracha clay shales are noted for their poor stability
under high slopes and they have low residual friction angles (4 to .0 degrees). Relatively
high terrain within the limits of the excavation, complicated structure, and the Cucaracha
clay shales would present continuing threats to the stabilily of canal banks. To attain stable
conditions in these areas, initial slopes flatter than one vertical on ten horizontal might be
required.

Fiekd explorations showed that a fault cuts diagonally through Cerro Gordo and thdt
the northeastern half of the hill is underlain by Cucaracha clay shales at depths shallow
enough to affect slope stability. The remainder of the hill is considered stable. Exploration
also indicated that Cerro Paraiso is underlain and flanked by the Cucaracha formation and
that most of this hill must be removed to conform to established soft rock slope criteria.

Geologic conditions are more favorable and elevations are relatively low in the
remainder of t&xe divide reach. From Station 1500 to Station 1650, Las Cascadas
agglomerates and the La Boca formation ;ire encountered. Both are low quality rocks for
slope design purposes, but they do not present serious problems because cuts in this reach
would be less thani 300 feet deep.

Between Stations 1750 and 1770 i, a reach ef competent basalt and agglomerate which
would permit the use of slope criteria for high quality hard rock. The divide areas beyond
StaLion 1870 lie generally below 200 feet and much of the excavation would be in high
quality intrusive basalts. Several deposits of the La Boca formation would be exposed,
however, and slope criteria for rock of iow quality would have to be used.
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From the Atlantic end of the divide reach, about Station 1500, to the Bohio Peninsula,
Station 780, elevations average about 100 feet with several hills as high as 300 feet.
Formations in this area include 1.he Bohio, the Caimito, and the Bas Obispo, all of which
have been intruded by basaltic dikes. Excavation experience with these rocks along the canal
has been favorable. All are of high or intermcdiate quality, capable of maintaining steep
slopes.

The alinement from Bohio Peninsula across Gatun Lake to the Atlantic approach cuts
through the tuffaceous sandstone, shales, and tuffs of the Caimito; siltstones; tuffs of the
Gatun formation; Bohio conglomerates; and igneous intrusions. All of these formations are
classified as intermediate quality rocks, and experience with the Third Locks cut in the
Gatun formation indicates that the apphcation of intermediate quality rock slope criteria to
them would be appropriate. Elevations are low throughout this region of stratified rock.

Muck has been deposited (o depths of over 225 feet in the old river channels of the
Chagres River which are incised in the Caimito formation in the area now inundated by
Gatun Lake. Muck is also found along the Pacific coastal plain, where it reaches depths of
over 50 feet, and along the Atlantic shoreline. Extremely flat slopes would be required in
these unconsolidated sediments wherever they lie above water level.

Excavation: The total quantities excavated along Route 14S would amount to about
1,950,000,000 cubic yards. The excavation has been divided into two reaches for analysis -
the first through Gatun Lake, and the second through the divide. The requirement to
maintain navigation in the Panama Canal during the construction period would limit the
flexibility of operations along both reaches.

Across Gatun Lake the canal could be constructed by using dredges working from the
regulated lake level (average 85 feet), or by excavating mostly in the dry within areas
isolated by large cofferdams. Of these alternative;, the deep dredging plan presents the
fewest uncertainties, and has been adopted as the primary system in estimating the cost of
excavating the Gatun Lake reach. The systems considered suitable for this reach are shown
on Figure 21-4.

Muck would be removed t.omn Gtun Lake down to depths as great as 170 feet below
the surface using 48-inch hydrau.ic pipeline dredges operating from the +85-foot lake level.
On the islands and peninsulas a shovel/truck haul system would be used to remove as much
material as possible in the dry. The remaining iock would be excavated in two phases. In the
first, dipper dredges would remove the material between elevations +90 and 4 15 feet. Then
35-cubic-yard barge-mounted draglines would excavate the remaining material to channel
grade. Excavated material would be hauled in bottom dump scows to spoil disposal areas in
Gatun Lake. Rock plugs would be left in the cut at either end of the lake to maintain the
water level until canal operations are converted to sea-level.

Massive flood Lontrol dams would be constructed with suitable -'iatcrial excavated from
the Gatun Lake reach. A layer of select material would be spread first to form a blanket
over the existing muck, after which spoil would be placed in successive underwater lifts to
an elevation ibC feet. The darns would be built with very flat slopes averaging about I
verlical on 35 horizontal. After Gatun Lake is drawn down during the transition from
locK canal to sea-level cana, ,,peration, the crests of the dams would be raised to elevation
+73 feet. After the transition, the dams would maintain the remaining parts of Gatun Lake
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at elevation +55 feet. The cost of placing the dams would not be sigrificant because their
construction would provide the most economical way to dispose of spoil excavated from
Gatun Lake and the adjacent divide cut reach. A typical cross section of the dams is shown
on Figure 21-5. Their location is shown on Figure 21-1.

Through the divide reach the alinement is separated from the existing canal. This
permits effective use of a combination of excavation systems to achieve least cost. A
generalized excavation plan suitable for this reach is shown in Figure 21-6. Initial efforts
would involve lowering the hilltops along the alinement using truck haul since grades would
be too steep and distances too short for rail. As excavadion at the higher levels is completed
and cuts are opened, truck haul would be replaced by rail haul. A shovel/rail haul system
would then be used down to elevation +90 feet for the 6 miles at the northwestern end of

the 13-mile reach and down to elevation + 15 feet for the remainder. These bench elevations
and station limits were chosen to permit economical layout of the rail lines and to provide
sufficient material to construct the flood control dams in Gatun Lake. A dipper
dredge/scow haul system operating from the Gatun Lake level would move material from
the 6-mile reach between elevations +90 feet and +15 feet to the dam sites. A plug would
then be constructed near Mamei Point and the reach would be drained. Dipper dredges
would complete the cut from elevation +15 feet to project depth, working in from the
Pacific Ocean. Excavated materials would be hauled by bottom dump scows to spoil areas
in the ocean.

Hydraulic cutterhead dredges would remove the preblasred soft rock from the Atlantic
approach. On the Pacific side, hopper dredges would excavate the soft materials, while the
barge-mounted draglines would be used for harder materials.

Estimated excavation quantitites are shown in the following table:

Type of material Cubic yards Percent

Common 470,000,000 24
Soft rock 565,000,000 29
Medium rock 390,000,000 20
Hard rock 525,000,000 27

TOTAL 1,950,000,000 100

The total cost of excavation would be about $2.2 billion.

Spoil disposal areas: Maximum use of land disposal areas is planned, except for the use
of spoil to construct dams n Gatun Lake. Where topographic conditions peinmit, upland
spoil disposal areas would be located adjacent to the canal alinement at a minimum distance
of 2,000 fee, from the top of excavated slopes. Virtually unlimited area is available for spoil

disposal, except as restricted by the length of haul and the grades encountered. Ocean
disposal would be minimized because of haul lengths, occasional rough seas, and pos:,ible
interference with shipping.
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Stream diversion: The construction plan for Route 14S calls for lowering Gatun Lake as
far as possible without creating a large, potentially unhealthy iland swamp. An elevation of
55 leet would meet these requirements at trrnimum project cost. Separate reservoirs would
bc formed on either side of the canal alinement by the flood control dams. The reservoir on
the west side would controi the Trinidad and Ci-i Rivers (drainage area 327 square miles),
while that on the east side would control the Gatun River (drainage area 166 square miles).
Both reservoirs would disc'iarge into the Caribbean Sea. The Fedro Miguel Locks, Miraflores
Locks, and Miraflores spillway would be modified te serve as flood control structures,
handling the flow from the 540-square-mile drainage area of the Chagres River which would
be diverted down the alinement of the existing canal to discharge into Balboa Bay. The
Caiao Quebrado and its tributaries (183 square miLs) would be discharged through a" inlet
structure into the canal. Figure 21-7 shows the major stream diver-ion facilities, w;iich
would cost about $30 million.

Harbor facilities: Only a limited expansion of the port and harbor facilities existing at
Cristobal and Limon Bays on the Atlantic and Panama City and Balboa Harbor on the
Pacific would be required. The additional facilities would consist of anchorage areas at each
end of the canal dredged to the project depth of 85 feet to accommodate deep draft ships.
The two existing Canal Zone ports are well developed and could serve as depots supplying
the various services essential to shipping, such as repairing and bunkering. The general
locations of i,,.2ed facilities are showi, in Figure 21-7: their cost would be about $12
million.

Tidal checks: Cost estima!es include the coiiztruction and use of tidal checks. Their
design would be ideatical to tiose discussed previously. Thty ar estimated to cost
approximately $70 million, including below-water constructio-! fv tP alternate current
limitation options.

Conversion: A specially planned and executed sequence of operatious lasting from one
to three months would be required to lower Panama Canal operating water levels to sea level
and to open the sea-level canal for traffic. In this conversion period, two plugs (one at either
end of Gatan Lake) would be removed to allow the water ievel between the flood control
dams in Gatun Lake to be drawn down to sea level. Miraflores Lake and the remainder of
Gatun Lake wotld be lowered tV, +55 feet during this time. Concurrently, in the old lock
canal channel, an earth plug would be constructed near Gamboa to divert the Chagres River.
Throughout the drawdown period, all slopes would be observed closely to dete.-t incipient
slides ca-.,d by the lowering of the water level and the effect of salt water on the slopes.
Figure 21-8 illustrates the sequence of conversion operations, which are estimpted to cost
about $3 million.

Supporting construction: Items required to support the main construction effort would
include health and sanitation facilities, housing, highways and bridges, clearing and
relocations, and facilities needed for the operation and maintenance program. The total cost
of these items would be about $219 million.

V-256



400

wj 300

o 200

L 100 - - ----------------------------- PACIFIC
-- - - - - -- - - - - - - - OCEAN

APPROXIMATE CHANNEL

MAMEI CONVERSION PLUG

26 28 311 32 34 36 38 1 48

DISTANCE-MI LES

SHOVEL EXCAVATION-TRUCK HAULI SHOVEL EXCAVATION-RAIL HAUL

HOPPER DREDGE EXCAVATION

•'• DIPPEr DREDGE EXCAVATION - SCOW HAUL

• BARGC-MOJNTED DRAGLINE EXCAVATION-SCOW HAUL

PROFILE-DIVIDE REACH-ROUTE 14 SEPARATE

FIGURE 21-6

V-257



COST
RICA.

CAIBBEAN

sICARIBBEAN SEA SEA(

LON WTWVAIMP COLOMBIA

TRINinA sPUIwAY GATU MONTE EllRO

ESCOSAL

I~I

;I0 AGU * POO Pl.

4CHORRERA FAuli

r to

PACFI LOCEAN

ROUTE14 FOOD ONTRL AN SUPORT FACIITES
TA HORE CAA ZONE ANDVICINIT

V-2~UET 58IIT SCL I IESFG RE2

DEPTHD N FAHOM



(N Ise"" N

'Ut 0

0. Gi U"

041

a. START OF CONVERSION b. 5 TO 15 DAYS
Lock canal abandoned. Water in Gatun and in sea-level Water in Gatun Lake and sea-level cut between conversion
cut between conversion plugs at el. 85. plugs has been drawn down to el. 55. Spoil at el. 65 shows

above Gatun Lake water surface as flood control dams.

.4N N

c.1 n5 TR3IOY .0O90DY

(4

000

0

c.15T' 3OLDAYS d. 30TO900DAYS
Water in sea-Icv' I canal dra, ,i down to sea level, water Initial cut through conversion plugs and construction of
in Rio Pescado and Rio Chavres arawn down to el. 40. Chagres diversion plug completed. Sea-level canal ready for
Chagres diversion plug partially closed. Initial cut through traffic.
Mamei conversion plug partially removed.

ROUTE 14 SEPARATE SEQUENCE OF CONVERSION

FIGURE 21-8

V-259



Health and sanitaticn: The requirements for health and sanitation measures cn
Route 14S, and the pograrn to provide thern, are similar to those of Route 10. The
total cost for health and sanitation programs would he about $27 million.

- Housing and related support requirements: Housing and related requirements
would be essentially the same as for Route 10. The total cost of these facilities for
Route 14S would be approximately $110 million. Their proposed locations are
shown on Figure 21-7.

- Highways and bridges: The existing road network would be adequate. The Thatcher
Ferry Bridge on the Pan American Highway would provide the necessary canal
crossing.

- Clearing and relocations: Requirements for clearing are similar to those of Route
10. A number of minor relocations of utilities would be necessary; however, the
existing railroad would not have to be relocated, since it probably would be
abandoned upon completion of the sea-level canal, if not before. The total cost of
this item would be about $16 million.

-- Operation and maintenance facilities: The need for constructing new facilities for
operating and maintaining the sea-level canal along Route 14 would be minimal.
Facilities provided to support the construction effort would be used to the
maximum extent possible, as would all existing facilities of the lock canal.
Requirements would be similar to those for Route 10 except that new pilot
facilities would not be needed. Maintenance facilities of the dredging divisior now
located at Gamboa, would have to be moved. The total cost of operation and
maii.tenance facilities along this route would be about $66 million.

Schedule: A schedule under which this work could be accomplished is shown in Figure
21-9. It includes a 2-year preconstruction phase. This schedule is based on the assumption
that work on preparatory items, such as clearing, relocations, highways, and initial
construction of townsites and power distribution systems would start immediately
thereafter. Another year has been allowed for preparatory work, including mobilization of
equipment, before excavation begins.

Personnel: Manpower requirements for design and cc-nstruction, including both
government and contractor personnel, are shown on Figure 22-9. Requirements for
personnel to operate the canal would be similar to those for Route 10. Initially, total
operating and support personnel would number 3050.
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Cost sumimaries: The total construction cost of the Route 14S configuration with a
33-mvile, one-way channel and tidal checks is estimated to be about $3 billion. The principal
elements of this total and their costs are:

Channel excavation $2,210,000,000
Flood control 30,000,000
Harbor facilities 12,000,000
Tridal checks 70,000,000
Conversion facilities 3,000,000
Supporting construction 219,000,000

Subtotal (rounded) 2,540,000,300
Contingency (12%) 300,000,000

Subtotal 2,840,000,000
Engineering, design, super-

vision, and administration (7%) 200,000,000
GRAND TOTAL $3,040,000,000

A. schedule of costs by year is shown in Figure 21-9.
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Real estate: The basis for estimating the value of real estate acquisitions on all the
proposed routes has been discussed in Chapter 9. The total value of the approximately 110
square miles of land required along Route 14S is estimated to be about $2 million, based on
resource value, without ,onsidering treaty rights. All of this land lies within the present
boundaries of the Canal Zone. The simall tracts in private hands are essentially unimproved.

Environmental effects: A sea-level canal on the Route 14S alinement would produce
ecological effects similar to those that might be expected on Route 10. The one significant
difference involves Gatun Lake. The 30-foot drop in surface elevation would reduce the
total water surface area froom 165 to about 62 square miles subdivided into several smaller
lakes. (See Figure 21-7). Most of the reclaimed land would soon revert to tropical forest.
The quantity and diversity of flora and fauna of the lake would be reduced; however, losses
are not expected to be significant, since several large portions of the lake would be capable
of sustaining viable populations of most organisms now existing there.

Operation and maintenance costs: Costs of operation and maintenance on Route 14S
would be similar to those of Route 10. For 35,000 annual transits, these costs would be
approxirnate!y $56 million per year.
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CHAPTER 22

ROUTE 25

Throughout the following discussion of Route 25, it is assumed that nuclear excavation
would be feasible, that it would be politically acceptable and that it Would entail costs and

* produce results generally as described in Appendix 3 (Nuclear Excavation Technology). The
* testing piogram required to prove or disprove the validity of these assumptions has been

outlined in Chapter 6 and is presented in detail in Appendix 3. The general features of
Route 25 (Figure 18-1) were described in Chapter 18.

Capacity: Two configurations for Route 25 were considered; both incluic a 78-mile
conventionally excavated design channel; a 20-mile 1,000-foot wide nuclear excavated
channel; and 5 miles of two-lane 1,400- by 85-foot approach channels. The basic
configuration includes a 28-mile conventionally excavated bypass needed to attain the'
minimum required transiting capacity without excessive TICW. The expansion configuration
would provide two-lane navigation over the entire length of the canal making convoy
operation unnecessary. Figure 22-1 shows how thu bypass would operate. Table 22-1 gives
capacity-cost data for the two configurations.

A canal unobstructed by tidal checks appears moie ac "eptable and desirable on Route
25 than on Routes 10 and 14S for several reasons:

- The length of Route 25 and the smaller tidal range of the Pacific at this site limit
peak tidal current velocities to about 3 knots.

- In the nuclear excavated section, the large channel cross section would reduce
currents to less than I knot.

- Along most of the conventionally excavated reach, where highest current velocities
would occur, the canal banks would be soft and not likely to damage a ship running
aground.

- The capacity of the route with a 3-knot limiting current exceeds the 60,000 annual
transit requirement for the year 2040, so that operations in peak currents could be
avoided without significant impact on capacity by icheduling transits to avoid
currents stronger than 2 knots.

- Ships larger than 25,000 dwt would be assisted through the canal by tugs.
- The length of Route 25 would make it a very effective biotic barrier, even without

tidal gates.
For these reasons tidal checks have not been included in conceptual designs made for

this study, despite the fact that currents would exceed the 2-knot maximum current
limitation imposed on Routes 10 and 14.
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TABLE 22-1

ROUTE 25 CAPACITY-COST DATA FOR DESIGN CHANNELS

Annual Transits Average TICWb in Hours at Given
at 20 Hours Number of Transits Per Year

Configurationa Average TICWb 35,000 60,000 100,000

3 knots:
Bypass 65,000 16 17 c

Two-lane 268,000 12 12 12

Estimated Design and
Canal Construqtion Construction Fixed O&M Net Flow

Configurationa Costu Timed Cost/Yeare (cfs)
Bypass $2,100,000,000 13 years $49,000,000 30,000

Two-lane $ 630,000,000 5 years $60,000,000 60,000

aBypasq designates a single-lane design channel with one 28-mile bypass. Two-lane designates
two parallel 78-mile single-lane channels. Both configurations have a two-lane 20-mile nuclear
excavated channel at the Pacific end. Both configurations would operate within a 3-knot cur-
rent limitation.

bTlCW is time in canal waters, a combination of waiting time and transit time.
CTransit capacity indicated cannot be achieved.

dcosts and construction times indicated for the two-lane configuration represent additional
costs and times over and above those for the bypass configuration.

eVariable operation and maintenance costs would average about $1,000 per transit.

Table 22-2 summarizes the Characteristics of the two Route 25 options. The less costly
bypass configuration is preferred. Its capacity is estimated to be 65,000 transits per year.
ai I it would provide an excellent basis for expanding to a full two-lane capability if the
need to do so should arise.

Geology: The economic feasibility of Route 25 depends on the stability of slopes
oromed by nuclear excavation in the divide and on the anticipated ease of excavating across

the Atiato flood plain vith hydraulic pipeline dredges. The geology along the final
alinement is shown in Figure 22-2.
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TABLE 22-2
CHARACTERISTICS OF ROUTE 25 CONFIGURATIONSa

Bypass Configuration Two-Lane Configuration

Capacity at Would exceed year 2040 transit requirements Exceeds foreseeable requirement.
20 hour TICW (60,010 transits Der year) by almost 10%

Time in canal 16 hour- at 35,000 annual transits. 12 hours at 35,000 annual transits.
voters

Navigation Peak currents would rarely exceed 3 knots. Capacity is so large ship spacing would present
Bypass operations would require careful no problem.
control of vessels.

Flexibility Some flexibility would be possible hecause Flexibility is virtually unlimited. Canal could be
of operations of the high capacity. Highest currents could operated as two independent channels.

be avoided by occasional tight scheduling of
large ships (less than one day per month).

Exransion Could be expanded to a du channel config- No foreseeable need.
uration at reasonable cost .oth little ýnter-
ference with traffic.

Capacity at Not applicable Not applicable.
higher accept-
able currents.

aBased on the design channel in the conventionally excavated reach and a two-lane channel in the nuclear excavated

reach. A 3-knot current is acceptable and no tidll check gates are used.

The dominant lithologic formation in the divide reach (between Stations 0 and 1000) is
th, Choco volcanics, consisting mainly of submarine basalt flows with some basaltic tuffs
and agglomerates. These igneous rocks have been fractured and variably altered to produce
substantial amounts of montmorillonite.* Some of the more altered zones slake upon
wetting and drying, but on the whole, the Choco Nolcanics are considered suitable for
nuclear excavation. In the upper Truando Valley, a 1- to 2-mile width of sediments,
consisting of tuffaceous siltstones, sandstones and conglomerates, overlie the volcanics. A
portion of these sediments, designated the Sautata group, is made up of a series of
moderately hard siltstoncs and sandstones. The remainder of the valley is composed of
Nercua conglomerate which is generally hard and dense but occasionally highly fractured.
Crater slopes in both the Nercua and Sautata groups are expected to remain generally stable.

The transiticnal zone of sedimentary rocks of the Truando and Rio Salado groups lies
between Stations 1000 and 1400. The Truando group consists of a series of tuffaceous
siltstones, sandstones and mudstones, apparently capable of sustaining stable slopes in deep
cuts, although limited testing indicated that some rocks in this zone are only marginally
compel.•nt. The Rio Salado group is composed or soft claystone and mudstone having
relatively low shear resistence.

*A iay rineral which expands readily on absorbing water, causing deterioration and weakening of the rock material in

which it .s found.
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The remainder of the alinement (between Stations 1400 and 5355) would i.e in the
Post-Miocent uinconsoliduied sediiacnts .f t!-: At;atvc flood plain. F.evatinn. of the flood
plain gradually decrease from about 16 feet above mean c.a level on its southern edge to sea
level at Candelaria Bay. Borings in the Atrato Swamp encountered layers of peat up tu 20
feet thick, overlying silts and clays which extend to depths below channel grade.

Conventional excavation: A generalized excavation system for the conventional reaches
of Route 25 is shown in Figure 22-3. Areas higher than elevation +75 feet alc%, the
Truando Valley portion of the alinement would be excavated by the shovel/truck haul
system. Portions of the spoil would be used to construct flood control diversion works on
the Truando River. At elevations below 75 feet hydraulic dredging would be the most
economical excavation method. However, any material above 15 feet would be bulldozed or
sluiced to within reach of 48-inch hydraulic cutterhead dredges. The dredges woutd work
from sea level in pilot channels excavated from Candelaria Bay. Dredged materials would be

placed on both sides of the canal behind retaining dikes constructed to confine the spoil.
Spoil areas would be located at least 2,000 feet from the top of the final canal cut to permit

expansion to two-lane configuration. Sufficient area is available to limit the average height
of spoil behind the dikes to less than 6 feet.

In the ocean approaches project depth is reached within 3 miles of the shore of the
Atlantic side and 2 miles on the Pacific. The Atlantic approach consists of sand and muck
which would be excavated by hydradlic pipeline dredges. Soft materials in the Pacific
approach would be excavated by hopper dred-es, while rock would require blasting and
excavation by barge-mounted draglines.

Volumes in the conventionally excavated portion of the canal, including a 28-mile
bypass, are summarized below:

Conventional channel excavation summar,,

Type :f material Cubic yards Percent

Common 1,500,000,000 88
Soft rock 195,000,000 11
Medium rock - 0
Hard rock 15t000,000 1

1,710,000,000 100

The total cost of conventional excavation would be approximately $700 million.

Spoil disposal areas: Undeveloped lands adjacent to Route 25 provide unlimited space
for the disposal of this material. Most of it would be pumped through piplines onto what is
now a vast flood plain.

Nuclear excavation: Nucear excavation would be carried out in two passes. The first
pass (12 _ýetonations) would excavate 3pproximately one-half of the navigation channel and
four flo(- control diversion cuts. The second pass would complete the navigation channel in
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9 detonations by excavating ccinecting rows between the row craters formed by the first
pass. The excavation program would require approximately 150 nuclear explosives ranging
in yield between 100 and 3,000 kilotons. The largest detonation would have a total yield of
13 megatons.

The detonation sequence is illustrated by Figure 22-4. The order in which the sections
would be excavated has been based primarily upon the need to minimize interference with
preparations for succeeding detonations and follow-on conventional construction. Meteoro-
logical conditions should permit the first pass to be completed within 8 months. Following
this, a period of about 21 months would be allowed for radioactive decay and emplacement
drilling for the second pass. Then the intervening sections would be detonated over a period
of 3 months. The cost of nuclear channel excavation is estimated to be about $185 million.

Stream diversion: As shown in Figure 22-5, the alinement would intersect the Atrato
River near the town of Rio Sucio, about 50 miles upstream from its mouth. At this point,
the Atrato (drainage area 12,000 square miles) would be diverted into Colombia Bay
through a 1,000- by 50-foot dredged channel. This channel would be revetted to prevent the
river from meandering into the canal. The 2,000-square mile watershed on the west side of
the Atrato would be diverted through two floodways and portions of the abandoned Atrato
channel to Candelaria Bay.

Diversion of the Truandc River in the divide reach is infeasible because the river is
deeply incised where it would be intersected by the canal alinement. A channel would be
cut with nuclear explosives through the ejecta ridge along the canal to allow the Truando
(drainage area 160 square miles) to flow directly into the canal. The Nercua and Salado

Rivers (drainage area 1 25 square miles) would be diverted along the ejecta toe to discharge
into the conventional reach of the canal. The Curiche River (drainage area of 21 square
miles intercepted by the alinement) is the only stream of any size intersected by the canal
on the Pacific side of the Continental Divide. It would be diverted through nuclear
excavated drainage channels across three ridge lines to the Pacific. The total cost of the
flood control facilities would be about $250 million, $230 million for conventional
construction and $20 million for nuclear excavation.

Harbor facilities: Port facilities needed for canal operation and maintenance would not
be as extensive as those now existing in the Canal Zone. Those ports are wel! developed and
should serve as the principal regional ports, supplying various major services essential to
shipping, suich as repair and bunkering. Facilities for Route 25 are based solely on canal
operational and maintenance needs; however, emergency ship repair facilities including
mooring areas dredged to project depth have been included. Pacific port facilities would be
located on the coast where they would be protected by a jetty system. Atlantic port
facilities would be located near Sautata where the principal canal operating facilities would
be established. Although this is about 30 miles inland, it is situated in an area offering better
environmental conditions for a community than the deltaic regions near the coast.
Anchorages in open-water areas of adcquate depth would be provided outside call channel
entrance. The gcneral location of these facilities is shown in Figure 22-5. Their total cost is
estimated at SI129 millic n.
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Supporting construction: Items required to support construction are: health and
sanitation facilities, housing, highways and bridges, clearing and relocations, channel
cleanup, and oeration and iimintenaiere facih.;,s. Their total cost would be approximately
$431 million.

- Health and sanitation: Th requirements for preventive medic.ne and medical
support on Route 25 are sindlar to those on Route 10, except that their extent and
cost would be larger because of the length of the canal, the undeveloped nature of
the area and its distance from modem medical facilities.

Medico-ecological investigations conducted as a part of this study showed a very
high incidence of malaria among the natives of the area, including, on the Pacific
side of the divide, a type (falciparum) which is resistant to chlo:oquine. For this
reason, special effort would be directed toward the prevention of raalaria. Disease
vectors abound, particularly in the Atrato flood plain, and opening up the area by
construction without proper preventive medicine measures could bring about an
increase in diseases such as rabies, tuberculosis, arbovirus diseases (sleeping
sickness), Chagas' disease (American trypanosomiasis), and leishmaniasis, which
row exist there and in other parts of Colombia.

An extensive medical support operation would be required from the very start of
the project. A 50-bed hospital would be established at Sautata. It would be
supported by existing facilities in the Canal Zone and would, in turn, support
dispensaries at the Pacific terminus and the upper Truando Valley. The dispensaries
and the hospital would support first aid stations established at the major
construction sites, and would continue in operation, as needed, after completion of
construction. Medical simport would be designed especially to take care of
construction accidents and tropical diseases, such as malaria and other parasitic
diseases, enteric and skin infections, and related ailments.

Both medical support and preventive medicine operations would be coordinated
closely with Colombian, Panamanian, and Canal Zone authorities. They would also
be ciosely coordinated with radiologic control. The cost of the medical support

program would be about $44 million.
-. Housing and related support requirements: Housing, utilities, and community

services facilities would be provided to support consAruction and operating
personnel. The alhinement of Route 25 traverses an essentially undeveloped area,
and few construction personnel could be recruited locally. Provision of adequate
living facilities for the construction workers and their dependents would be an
important factor in assuring an adequate labor force. During the construction
phaste, project personnel would be furnished housing comparable with that available
at long-term construction piojects in the United States. Permanent fz-ilities would
be built and used during both the construction and operating phases io minimizc
temporary construction. Figure 22-5 shows possible sites for such facilities. Their
estimated cost is $182 million.

- Highways and bridges: A transisthmian highway consisting of an all-weather,
two-lane highway from the Pacific end of the canal to Sautata would be provided.
It would be one of the first items to be built and would serve both the construction
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and operation phases of ti'e canal, Sec.;n~ary roads would lead to work sites along
the canal. A ferry would be irstalled on the Pan American Highway where it crosses
the alinement near Sauatata. A permanent all-weather airfield suitable for supporting
scheduled feeder airliries also would be provided. Figure 22-5 shows the proposed
location for the principal permanent transportation facilities that would be
provided as part of the; project. Their cost is estimated to be about $67 million.

-Clearing and relocations: Clearing costs are included in the estimates for each
constrt ction item. Relocation costs wvould be insignificant.;•

-Channel cleanup: Fallback mater'al within the nuclear excavated cut may encroach
on the navigation channel, particularly at row crater connections. This material
would 'be removed by barge-mounted draglines and dipper dredges and transported
in the bottom-dump scows to be de~osited in channel areas where cratering
produced overdepth. This item also includes removing plugs at the ends of the
nuclear reach by conventional excavation. This work would cost about $13 million.

-Operation and maintenance facilities: Facilities to operate and maintain the canal
would be located at both of its ends, adjacent to the harbor t'acilities and townsites.
These facilities would be similar to tl'.o•: provided for Route 10 and would cost
approximately $129 million. Their location is shown in Figure 22-5.

Evacuation: Nuclear excavation would require evacuation of a large area adjacent to
and downwind from the worksite. The exclusion area shown in Figure 18-3 has been
developed to permit safe and efficienat conduct of the nuclear excavation ,program. The area
was made large enough to assure a high probability of containing almost all local fallout.

Extensive observations showed that meteorological patterns would permit selection of

airblast and ground motion effects were also considered. The nuclear exclusion area, roughly
parabolic in shape, would comprise a lnI.,. area of about 3,100 square miles in the Choco

Deparmentof Colombia, a regi,•n of very low population density, vast marshlands, tropical
forest, and heavy rainfall. Because of its inaccessibility and ruggedness, less than 10 percent
of the area has been cleared, inhabited cr otherwise utilized, and only about 10,000 ;:eople
live there. Navigation by small boat along the Atrato, Salaqui, and Truando Rivers provides
the only means of sutrface access into thae area. L

The e.stinated cost of evacuating the exclusion area was based on the straight-fee
indemnity system. Under this concept, all families or individuals would be paid an equitable
price for their propcrty which would enable them to resettle on available land outside the
area. Since a ,safety exclusion period of several years would be required, a flat, one-time
payment based on fair market value has been selected as a means of approximating safety
evacuation costs, indemnification of cormmercial enterprises in the area, such as lumbering
and fishing, also is included in cost estimates. Relocation camps, temporary housing, and
support facilities ar,. not included but medical and other support services for the relocated
local population would be provided, as naeeded, on an extension service basis by teams of
specialists. The total project cost of real estate acquisition and limited support services for
evacuees is estimated tu be about $40 miliion.
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Schedule: A schedule for designing and cor'.tructing the oroject -s shown in Figure
22-6. It provides a minimum one-year design phase inmiediately preceding the stait of
construction. It assumes that work on such preparatory items as clearing, relocations,
highways, and initial construction of townsites and power distribution systems can start
immediately thereafte!. Data collection would begin at the same time. After 2 years,
emplacement construction for nuclear excavation would start. Foui years would be required
to complete this construction and subsequent nuclear operations. Conventional excavation
would start at the beginning of the fourth year and continue for 10 years.

Personnel: Figure 22-6 also shows tl-- requirements for personnel for design and
construction of a canal along the Route 25 alinement. The length of Route 25 would dictate
the need for more operating personnel than Routes 10 or 14S; about 5,000 would be
required initially.

Cost summaries: T'he estimated cost of a 103-mile single-lane canal along Route 25 wiLh
one bypass is $2.1 billion, assuming that the 20-mile-long divide section could be excavated
by nuclear methods. Principal elements of this total and their costs are:

Channel excavation
Conventional $ 700,000,000
Nuclear 185,000,000

Flood control
Conventional 230,000,000
Nuclear 20,000,000

Harbor facilities 1 29,000,000
Supporting construction 431,000,OCO
Evacuation 40,000,000

Subtotal 1,735,000,000
Contingencies

Conventiopd, (12%) 185,000,000
Nuclear ('0%) 60,000,000
Subtotal 1,980,000,000

Engineering, design, super-
vision, and administration (7%) 140,000,000
TOTAL $2,120,000,000

An estimated schedule of costs by year is shown on Figure 22-6.

Real estate: The cost for procuring land and easements along the canal for
rights-of-way, flowage, and deposition of spoil has been estimated at $ 10 million, based on
the market value of improvements and land use. This amount has not been included in
project costs.

Environmental effects: Construction of (he sea-level canal could be expected to cause
significant local environmental changes, particularly in the Atrato River flood plain.
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ROUTE 25 m> ~r PERSONNEL, AND I'ONSTRUCTION SCHEDULE

FIGURE 22-6

Excal, cF the channel aitd construction of levees for spoil retention woiti .rdify the
ex-stiiug regimen of watier elevations thrcsughout a wide band along the route and increase
saltwater intrusion. This band, like the rest of the velIley, is now almost permanently flooded
and covered by marsh grasses and shruibs. Large parts of the area would receive several feet
of hydraulic till which wouid raise them highei above sea level and provide conditions
favorable to the growth o. largcr brush anid trees. Under natural conditions this raisedJ area
could be expect-d to become trc~pica! fore~t; it might also be put to economic use. The
frequency, duration and depth of' flooding over the remainder of the flood plain would not
change signific.antly.

The ecology of iie area surrounding trne nuclear cut through the divide would be
changed greatly, at least during the Orme required to re-establish the tropical forest.
Compared to the extent of *hL whole regior.. the amount of laud so affz~ted would be 'mall.
Measurable radioactive fillotui would extend over at much target area but investigations made
for this study indicate that no species as a whole would be sigpificantly affected.
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The effect of flow through an unobstructed sea-level canal has been discuss2d in
connection with Route 10. The implications of this phenomenon on Route 25 are
considerably less. The smaller tidal amplitude in Humboldt Bay and the length of the canal
would serve to reduce the average net flow to less than 30,000 cubic feet per second. Water
entering the canal at the Pacific would require several days before it could exit at the
Atlantic. Thus Route 25 would provide a very poor passage for migrating biota.

The canal would cause a physical separation of the landmass, but no vital biotic
migrations would be stopped. Access to the interior, now possible only along the Atrato
River, would be improved by the diversion channels and by the transisthmian highway
which would be built. The Pan American Highway, now under route survey, will also assist
in opening the area to settlement.

Operation and maintenance costs: Operation and maintenance costs for Route 25
would be generally sim'lar to those of Route 10, except that the much greater length of
Route 25 would cause its costs to be considerably Iiigher. The total operation and
maintenance costs for 35,000 annual transits would be about $84 million per year.

Opervtion with the Panama CL dal: The advantages of operating Route 25 in
conjunction with the existing lock canal are similar to those of Route 10, although the
substantial transit capacity of thc bypass configuration makes it unlikely that the capacity
of the Panama Canal would ever be required as a supplement. However, it would be
advantageous to retain the Panama Canal in operable condition until the stability of sea-level
canal slopes appears reasonably assured.
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CHAPTER 23

SUMMARY ANALYSIS

Considered alone, construction costs do not provide a valid comparison between
interoceani, canal alternatives. Numerous other factors merit consideration; however, many
of them cannot be expressed in common terms so that they can be compared. In the
analysis which follows, the factors which are considcred to be within the engineering
purview of route selections are discussed qualitatively and, to the extent possible,
quantitatively. Some significant bases for comparison that are not included hete are defense
advantages, foreign policy benefits, and both foreign and domestic economic benefits. No
attempt has been made to present a benefit/cost analysis.*

Route 10: In its basic single-lane configuration, Route 10 would have a transiting
capability slightly greater than the Commission's initial capacity requirement (38,000 vs.
35,000 transits per year), even if operations were limited to currents not exceeding 2 knots.
The design capacity of 35,000 transits per year could be attained with a TICW of about 12
hours. Acceptance of higher tidal current velocities would increase capacities substantially,
with operations at 4 knots allowing 66,000 annual transits, 6,000 more than the
requirement for the year 2040.

If curcr'nt velocities greater than 2 knots were to prove unaccept,,ble, transit capacity
could be increased, if necessary, by the construction of a bypass, permitting 56,000 transits
annually, closely approximating the year 2040 requirement. The capacity of Route 10 could
be further expanded by enlarging it to a full 2 lanes.

Construction of Route 10 would provide a relatively short passageway between oceans,
thus facilitating migrations of biota unless tidal checks are used. Other significant long-term
ecological effects are not antfcipated from this project, although there might be short-term
disruptions from excavation z.nd spoil disposal.

Route 14S: The basic single-lane configuration of Route 14S would cost about 6
percent more than Route 10 and would take 2 years longer to build. Its slightly greater
capacity at 20 hours TICW does not appear to offset these disadvantages. At the initial
35,000 annual transit requirement, the average TICW would be about 10 hours. After the
first logical expansion step of shortening the single-lane cut, the capacity o, Route 14S at all
curreit velocittes would be about identical to that of the bypass configuratitu of Route 10.

"Annex III, Study of Canal Finance, includes the effects on financial feasibiity of variations in project initiation, time of
construction, and interest rates.
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Expansion to a two-way configuration, while meeting the requirements through year 2040,
would produce less capacity in the two-lane configuration than Route 10. This difference is
relevant only insofar as it relates to transit requirements beyond the year 2040. Of
immediate and far greater significance is the fact that the Panama Canal could not be
operated in conjunction with Route 14S because the lock canal would be rendered useless
when the sea-level canal is put into c.-'ration.

In addition to environmental concerns similar to those associated with the construction
of Route 10, excavation along Route 14S would draw down Gatun Lake and reduce its size.
Although the adverse economic effects of a smaller lake would not be significant, the impact
of its drawdown upon the environment and the general sanitation of the area could be
severe.

Route 25: This partially-nuclear excavated canal with a bypass in its conventionally
excavated reach could transit 65,000 ships per year, exceeding requirements for the year
2040. If nucleir excavation were feasible, this capacity probably could be developed at
substantially lower construction costs than at either Route 10 or Route 14S. This canal
could be expanded to a full 2-lane capacity at a much lower cost than either of the ot) er
two routes. with an ultimate capacity of 268,000 annual transits. The relatively ',irge
operation and maintenance costs of Route 25, resulting from its great length, would tend to
offset its advantage of low initial cost.

Construction of Route 25 would convert a sizeable portion of ,he lower Atrato flood
plain to land suitable for agriculture or forestry. Althou.gh such a conversion might have
undesirable effects on the ecology of the Atrato's wetlands, these effects would be
mitigated, at least in part, by the enhanced value of the raised land. The combined effect of
a long canal and the potential for maintaining a biotic barrier with fresh water from the
Atrato arid Truando River, would act to limit successful interoceanic migration of biota.
Ad,-cent to the divide cut, forests, surface drainage patterns, and wildlife would be seriously
affected by nuclear ejecta but the climate should repair most vegetative and habitat damage
quickly.

Sociologically, construction of Route 25 poses the problem of evacuating about 10,000
people from more than 3,000 square miles. Tentative relocation areas have been identified,
but many of the evacuees would be Choco Indians, who might resist being moved to other
unoccupied lands.

In any case, its dependence upon the use of nuclear explosives for the Divide cut causes
serious consideration of Route 25 to be deferred until nuclear excavation feasibility has
been established.

Route 15: The Deep Draft Lock Canal Plan would enable the Panama Canal's capacity
to be expanded from 26,800 to 35,000 transits per year, and the size of the largest ship that
it could accommodate would increase from the present 65,000 dwt to 150,000 dwt. The
demonstrated ability of small ships to pass each other in the widened Gaillard Cut might
allow as many as 40,000 transits per year, the estimated cai-acity of 3 lanes of locks.
Operating costs would be relatively high and the attainment of ultimate capacity would
depend in part on two lanes of old locks, whose remaining useful life is unkvr)wn. As is the
case with Route 14S, the expanded lock canal would lack the flexibility of having another
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usable canal available as an alternate or supplement. Expansion of the canal beyond the
minimum configuration would be costly, and it is doubtful whether the capacity of 60,000
transits per year could be achieved with a fourth lane of locks; a capacity of 10,000 annual
transits would probably require construction of another canal.

If economical methods to recycle lockage water cannot be developed, it would be
necessary to pump sea water into Gatun Lake, which would increase the salt content of the
lake sufficiently to affect its flora and faur._.

Environmental evaluation: The environmental implications of building a sea-level canal
along the several alternativi,- sea-level routes are summarized in Table 23-1. While Routes 10
and 14S are similar in many respects, Route 10 appears preferable, since it does not require
the partial drainage of Gatun Lake. Its construction would not adversely affect the local
culture, nor would it disturb any known archeological sites.

Design alternatives: Table 23-2 lists significant problem areas associated with the three
principal sea-level alternatives; in effect, these areas represent costs - both quantifiable and
unquantifiable. Table 23-3 summarizes the costs and transiting capabilities of the
alternatives. These costs and capabilities can be influenced by certain modifications in
design criteria. The following discussion considers a number of such possibilities and the
effects they are likely to produce.

Use of a smaller prism: The design channel was selected because of its ability to
accommodate large ships safely in 4-knot currents. The use of tidal checks to
reduce currents to 2 knots or less, implies that a channel smaller than the design
channel might be used, with consequent savings in excavation cost. Figure 7-3
indicates that a 450- by 75-foot channel* would be satisfactory for 150,000-dwt
ships tr,;nsiting at a water speed of 9 knots and for 250,000-dw', ships t-ansiting at
a water speed of 7 knots. Nevertheless, despite the inclusion of tidal checks in
conceptual designs and cost estimates, the design channel (550 by 75/85 feet) has
been used throughout this study. The principal reasons for this pip.ctice are:

- The design channel appears capable of accommodating many or all the ships in
currents greater than two knots, without additional expense;

- it would probably permit two-lane operations for many ships, thereby offering
a means of increasing transit capacity without increasing construction cost;

- it permits greater operational flexibility; and,
- it provides for unforeseen contingencies in a field of technology that is not well

understood.

*With a parabolic bottoin having a centerline de,,th of 85 feet.
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TABLE 23-1

SUMMARY OF SPECIFIC ENVIRONMENTAL IMPLICATIONS OF SEA-LEVEL CANAL ROUTES

Effects Route 10 Route 145 koute 25

Environmental A 36-nille strip of f3rested A 33-mile strip of upland A 20-mile strip of upland
convsrsions and semi-agricultural up. ecosystem would be al- and 80-mile -itrip of wet-

land ecosystems wnuld be tered to more complex eco- land ecosystems would be
amtered to more complex systems. altered to more complex
ecosystems. ecosystems.

Hydraulic and dry spoil Hydraulic and dry spoil Hydraulic spoil would
would modify forest, lake would modify forest, lake modify extensive portions
and ocean areas. and ocean areas, of the Atrato flood plain.

Nuclear spoil would cover
about 60 scquare miles of
upland forests.

Barrier dam, -2ross s%- Flood control dams across - - -
rnents of , atun Lake segments of Gatun Lake
would reduce lake area and and tltn subsequent lower-
subdivide It Into four sep. Ing of the lake level would
arat;. small bodies of water, reduce lake area and sub-

divide It into four small
separate bodies of water.

Diversion charnels for Gatun Lake dams would
Trinidad and Cirl Rivers permit lowering lake level.
and Cano Quebrado would 100 sq. mi. of lake will be
alter two 5- to 10-mile
segments of serl- converted to wetland.
agricultral land.

Terrestrial An additional barrier to An additional barrier to An add'lional barrier to

efacts overland migration would overland migration would overland migration would
be created. Flora, fauna, be created. Flora, fauna be created. Flora, fauna,
and habitats would be and habitats would be and habitats would be
eliminated by construction eliminated by construction eliminated by construction
and spoil disposal. and spoil disposal, and spoil disposal.

Ejecta, alrblast, ground
shock, and radioactivity
would affect wide areas
near site of nuclear excava-
tion.

Possibility of physical
danger and genetic altera-
lions would exist.

Marine Coastal waters at canal Coastal waters at canal Coastal waters and estu-
effects ends would be considera- ends would be consider- aries at canal ends would

bly altered. Migration of ably altered. Migration of be considerably altered.
biota through the canal Illa through the canal Migration of biota through
might result In establish- might result In establish- the canal might result in

ment of undesirable establishment of undesir-
ment of undesirable species. mote species.
species.

Breakwaters at Altantic Levee effect of spoil plus
end of canal and Pacific diversion channels will al-
jetty would modify envi- ter entire hydrology of
ronment. flood plain with potential

effects on entire estuary.

Freshwater Some decrease in biotic
effects populations would occur

because of th-e reduction in
area of Gatun Lake.

Unique Swamp lands created by Radlonucildes may reach
effects lowerirg of Gatun Lake man through food chains

may be undesirable. and water supplies. About
10,000 people would be
displaced.
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TABLE 23.2

SIGNIFICANT PROBLEM AREAS*

Roate 10 Route 145 Route 25

Physical Coastal protection Is lim- Peak tiJal currents in the Poor harbor potential and
characteristics ited. Peak tidal currents In canal would be expected to limited protection exist on
of the site the canal could limit tran- limit transit capacity unless the Pacific approach. Ex-

sit capacity unless control- controlled. Divide cut re- tensive river diversion
led. Knowledge of divide gion has known areas would be required.
geology !ý limited and very where flat slopes will be
flat slopes might be re- required.
quired in some areas.

Envirotimental Net flow into the Atlantic Gatun Lake area would be A 3,100 square mile area,
considerations would be relatively high reduced by over 50 per- estimated to Include about

unless controlled by tidal cent.NetflowIntotheAtIan 10,000 people, would re-
gates, tic would be relatively high quire evacuation for about

unless controlled by tidal four or more years. Radia-
gates. tion monitoring would be

required for several addi-
tional years.

Construction Weak materials in the Weak materials in the The feasibility of nuclear
divide reach present prob- divide reach present prob- excavation must be estab-
lems in designing stable lems in designing stable lished before construction
slopes. Failure of the bar- siopes. Failure of the con- could begin. Experience
rier dams is highly un- versiun plugs is highly un- with megaton leel row
likely but could close the likely but would have a craters is lacking. Nuclear
lock canal for up to 2 years serious effect on lock canal operations would be con-
and have a serious impact operations and new con- strained by weather to
on new construction. Tidal struction. Construction in preveit adverse fallout pat-
checks are massive engi- and near the present canal terns ,nd possible acoustic
neering structures which alinement would Involve a damage up to hundreds of
present special problems. risk of slides and Interfer- miles from the site. Facili-

ence with lock canal opera- ties required to support
tion. Construction barge construction and operation
traffic would present a would have to be provided.
hazard to car.al shipping
during several years !n
which traffic would bo at
or near capacity of the
lock canal. Tidal checks are
massive engineering struc-
tures which present special
problems.

Operation and Ship movaments must be Ship movements must be The configuration and cp-
expansion sytnchronized with opera.- synchronized with opera- pacity of this canal is based

tion of tidal checks. To tion of tidal checks. To on the assumption Xhat op-
achieve the year 2040 re- achieve year 2040 require- erat.on in a maximum cur-
quirement at 2-and 3-knot merits at 2- and 3-knot
current restrictions, a two- current restrictions, a two- rent of 3 knots would be
lane configuiration would lane configuration would practical on this route.
be needed unlesS the Pan- be n'eeded. Construction of
ama Canal were kept In this route would eliminate
service and operated in the Panama Canal as a
conjunction with Route usable alternative or an ex-
10. pension facility.

To the exc eti thit thew problem areas are quantifiable, they have 'een accountr,
1 f3, . estimating costs.
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TABLE 23-3
DATA SUMMARY FOR OPTIONAL CONFIGUT'ATIONS

1. MEETING MINIMUM REQUIREMENTS (35,000 transits/year)

Route 10 Route 14S *Route 256

Configuration Single lane Single lane Single bypass
Construction cost $2e,88O,000,00O $3,040,000,000 $2,10(1,000,000
Operation and maintentanc cost $57,000,OOO/year $56,000.OOO/year $84,000,000/year
Despig and construction time 14 yewrs 16 years 1 e
Current resrctionsa 2 knots 3 knots 4 knots 2 knots 3 knots 4 knottl 3 knots
C1-nclty itraflsitsyeair~b 30,000 45,000 66,000 3T9,000 42,000 U9-,000 65,0-00
Average TICW (at 36,000

transits/ysar) 12 hr 14hfr 121hr 101 hr 5hfr 12hfr 16 hr
Average net flow (cu ft/secl nag. 4,000 33,000 nag 1,000 28,000 30,000

II. FIRST EXPANSION STEP CONSIDERED (60,000 trarrvits/yesar target)

Configuration Single Lypams Shortened restricted cut Not required.
Additional constuction cost $460,000,000 $430,000,000 Basic conf igu ration

permits
Additional construction tin's 4 yearm 4 years 65,000 annual

transits.
Current restrictiona 2 knots 3 knots 4 knots 2 knots 3 knots 4 knots
Data requiredc 2 ý00-1 2007- 2040 2002 2004 2025
Capacity (tranaits/yaer)b 56,000 56,000 No gen 55,000 55,000 No gain
Average TICW (at 60,000

transitslyessmi d d 38 hir d d 29 hir
Avamsge rL. I10w (cu ft/sac) nag nag 13,000 nag nag 13,000

Ill. SECOND EXPANSION STEP CONSI DEFIED (100,000 transits/year target)

Configuration Two lane Two lane Two lane
Additional construction cost $1,520,000,000 $1,670,000,000 $630,000,000
Additional construction time 7 yeers 7 yews 5 years
Currant restrictions 2 knots 3 knots 4 knots 2 knots 3 knots 4 knots 3 knotsf

Date raquirsei 2017 2017 2018 2016 2016 2019 2040+
Capacity Itransits/year) 114,000 114,000 196,000 82,000 82,000 113,009 268,000
Average TICW (at 100,000

transitstvwq) 6hfr 6 hr 5 hr d d 12hfr 12hfr
Average not flow (cut WO/Oc nag- 1,000 50,000 nog. neg. 50,f0W 60,000

*mFor sefe neviption, currants are held at or below the value shown by use of tidal Checks.
b Capcte art given for 20 hours average t&. ne in canail watars (TICW)

CDeto when the requirement for transits would exceed the capacity of the precsd~ng configuration when operating

undtx the Indicated currant restriction. The transit requiremnent is taken from Annex WV, Study ,jf Interocesnic
and Intercoastarl Shipping, for the "potential" tonnage projection, assuming 46% of the cargo is carred in freighiters.
This is the highesst of the three pirdictions accepted by the Commission.

dDsrd m~pocty cannot be obtained at anyTlCW.

$Bemuse the application of nuclear excavation to this project has not b -on astabi ishod, f igures shown in this column are
ten tative.

fOperation of Route 25 with a two-knot restriction is fuasible but not pri~posed. The physical clh.;ecteristics of the
route would prevent currents from exceeding about three knots.
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Cost savings that might be realized by constructing the preferred routes with the

smaller (450- by 75/85-foot) channel are:

Route 10 Route 14S Route 25

Estimated total costs
with design channel $2,880,000,000 $3,040,000,000 $2,100,000,000

Estimated total costs
with 450- by 75/85-ft
channel $2,660,000,000. $2,800,000,000 $2,030,000,000

Estimated savings
throujgh smaller
channel $ 220,000,000 $ 240,000,000 $ 70,000,000

(7.6%) (7.9%) (3.3%)

Use of a 3-knot current limitation A 2-knot current was selected as the limiting
condition for navigation, although channel design was based on operating in 4-knot
currents. The costs and capabilities of the routes have been compared on the basis
of the 2-knot operating rule. A less conservative approach wculd be to hold
currents on all routes to 3 knots, or less. This would increase transiting capacity
and could lead to minor savings. Under those conditions, the gain in annual transits
for the basic confliguration of each route would be:

Route 10 Route 14S Route 25

Three knots 45,000 42,000 65,000
Two knots 38,000 39,000 -*
Gain 7,000 3,000 65,000"

At the first level of expansion (bypass on Route 10, extension of the two-lane
channel on Route 14S) increasing limiting current velocities to 3 knots would
produce no gain in capacity, although it would reduce TICW.

Possible increases in traaisiting speed: Limiting currents to 2 knots in a channel
designed for 4-knot currents implies that an operating speed of g'eater than 7 knots
relative to land.may be possible. Increased capacity would result if tidal gates were
sited to take advantage of the higher land speeds for transiting ships. Possibilities in
this regard are discussed in Appendix 6.

*With an overage TICW of 20 hours, the :apacity of Route 25 in the single bypass configurastio, would be extremely small
if operations were limited to 2-knot tidal currents. Ships could transit only under favorable conditions. If a hig~her TICW i

of 24 hourn were acceptable, the capacity would rise to about 40.000 annual transits. Alternatively. a dual bypass

configuration with tidal checks would allow 45,000 tnu~ts at 21 hours average TICW with a 2-knot current limitation.
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Although the adoption of any oi all of these design alternatives could lead to minor changcs
in costs and capacities, the relative costs - both quantified and unquantified - and
capacities of the several sea-level canal options would not be changed. Route 10 appears to
be preferable under all conditions.

Sea-level/lock canal compari 3n: The fact that the Panama Canal already exists suggests
incremental improvements in its capabilities, rather than its total replacement, as a means of
meeting increased transiting requirements. Analyses made for this study show that the lock
canal option preferred for meeting design criteria would bn the Deep Draft Lock Canal Plan
along Route 15, as discussed in Chapter 12. Table 23-4 compares the salient features of that
plan with those of Route 10, the preferred sea-level canal alternative.

The principal advantages of Route 15 are its much lower initial cost for increased
capacity and its low currents. Route 10 would offer better opportunities for expansion,
either by raising the allowable operating current, by adding a bypass, or by using the
capacity of the loci. canal; it also would have lower maintenance costs.

Lock canal capacity is based cn one-lane ("clear-cut") passage through the Gaillard Cut.
If passing i' the cut were possible for most ships, the capacity of Route 15 would approach
40,000 transits per yeai. Similar, but less, enhancement of capacit" could be attained by
allowing ships to pass in the design channel reaches of a sea-level canal.

Although enlargem-,t of the Panama Canal would require the least capital outlay to
meet minimum design requirements, its limited possibilities for subsequent expansion, its
relatively high operation and maintenance costs, and the indeterminate life of its locks tend
to offset this advantage of low construction cost. More significantly, the enlargement of the
lock canal does not meet the Commission's stated requirements for transit. Hence, it is an
unacceptable alternative.
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TABLE 2324

LOCK CANAL - SEA-LEVEL CANAL COMPARISON

Fneture Rout@ 15 MLock Canal) Route 10 Illo-Levell Canal)

Initial cosit $1,53DAX.0,00O $2,880M.000,0
Time for deosign and construction 10 years 14 years
Capacity tit 20 hours average time 35000 transi -3/yea, 38000 transits/veew at 2-knot current
In co'nal woters 40,000 tronus¶/yea with passing 55,000 t-anslts,'eer at 3-knot current

possible in the Gaillerd Cut for 66,000 transits/year at 4-knot current
most ships

Ihilximum ship size I 50,OO dwt, but not modern I 50,00D dwt
attack aircraft carriers X~0,003 dwt in f avorable currents

Operation and naintenance or~st:
Fixed $51,000,000/year "J,000,DOOOyesr

Variable $5801transit $640/transit

Environmental concern Pumping satt water into Gatun T-ansf or of merine biota between
Lake would make it oiricki-h. oceans would occur, with the exteint

dcrpenr~iing on the amount of use of
tidal checks. Spoil areas would be
much more extensive then for Route

Expansion possLilities It it joLultful if the year 2040 A bypass section could be construe-
requirement of 60A003 transits taed for $460,A00,000 and would
per year could be met ýuth a provide a caoecity of 56,000 transits/
fourth lane of locks. year at a 2-knot limiting current.

Additional capacity would reqluire
raising the current limitation )r
providing a two-lane configuration.
Use of the Panama Canal offers
another mean' -i expansion at
Iqest cost.

Operations Careful ravigation is required in Convoy novemnents would require
entering locks, but current i wou d tight control to synchironize with
be no problem. operations of tidal checks. -'urrents

may be a halp to some ships; head
currents may hWp some, tail currents
may help others.

Wriltsinance Sched-ilad lu..k vmwiti once Periodic tidal check gite mairtenanca
would require pan' lic lane wouki! restrict ooou tions but trsns4t
outeages, Csias limiting %.peaaty of smauller shps should be unaffected.
tornporerety

Mliscallar~eom The existicg 55-year old locks Rouce 10 could be used in conjt.nc .on
eventually m,,y roqjlire replacement with the Panama Cana[, rentidng inz

________________ ___________at an estimated cost of system with a high c%#,ýe of flexibility
SUOO,00,000. The daew of replars- anld dependability.

L__________ mnt cannot be predicted.

F Avvwiotj TICW~l 2% pw;1 too .~ "ON
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PART V

PROJECT EXECUTION
Following a decision to build a sea-level canal, a .iumbe- of issres would have to be

resolved. They relate to:
- Management, finding, and organization of the project during both its construction

and operational )hases;
- Disposition of iht Panama Canal; and,

- irther investigations which should be made prior to the initiation of construction.

CHAPTER 
24

MANA-ýWMENT, 0ORGANIZATION AND FUNDING

The construction and operation of several large engineering projects were e~amined to
discover those strengths and weaknesses which significant':; influenced their effectiveness.
These factors were analyzed to determine which would be rele'iant to a sea-level canal
project. Such factors were translated into guidelines for future projects. The complete
analysis is given in Appendix 4.

Construction: The construction projects considered are described briefly in Table 24-1.

TABLE 24-1

CONSTRUCTION PROJECTS EXAMINED

St. Lawrence S&away: Seven locks and connectir,g channels were constructed in a
5-year period through a 189-mile reach of the St. Lawrence River at a cost of $140
million, exzlusive of power plants constructed by the State of New Y'ork. The St.
Lawreoce Seaway Development Corporat; 3n, established by Congress and 'he
Prt-sident of the United States, managed arod directd thep design, construct on and
operation of the United States portion of the seaway. The Corporat~on designated
the Corps of Engineers to design and construct the locks 3!id ship channel Revenue
bonds were used for f ,nancing. The United States cooplrated with Canada on the
project.'4

2
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TABLE 24-1

CONSTRUCTION PROJECTS EXAMINED (Cont'd)

Tennessee Valley: A 40,600-square mile watershed was developed for navigation, flood
control, and generation of power. Twenty-six dams, 9 coal-fired power plants, and other
facilities were constructed by the Tennessee Valley Authority, a government corporation.
From 1933 to 1944 when the last major dam was completed, the project costs totalled
$718 million. Funds were app"ipriated annually by Congress. The Authority was licensed
to sell bonds for additional financing.4

Aswan High Dam: This $1.12 billion project on the Nile River in Egypt is being constructed
under the High Dam Committee which reports to the Ministry of Public Works, United
Arab Republic. The main featur-; of the project, a rockf ill dam, has a width of 1/2 mile
at the base and a crest length of 2 1/2 miles. The Union of Soviet Socialist Republics has
loaned funds for the construction of the project and requires the use of Soviet equipmen-..
Total construction time will be about 12 years. 44

Intercontinental Ballistic Missile Operational Bases: More than 1,000 launch silos were
constructed at 23 sites throughout the United States from 1958 to 1966 at a cost of
$1.85 billion. The Corps of Engineers Ballistic Missile Construction Office (CEBMCO)
acted as the desiop review and construction supervision agency under the U.S. Air
Force which monitored the development, design and construction of the bases. Funds
were appropriated by Congress.4"

Snowy Mountain Scheme: This proje•,; includes 15 dams, 100 miles of tunnels, 80 miles
of aqueducts, and power stations witt, a total capacity of 3.8 million kilowatts. It
was started in 1949 and at completion in 1974 will have cost almost $900 million.
The Snowy Mountain Authority, an a.'ancy of the Australian government, is responsible
for the construction, maintenance, ma, ,agement and control of the project.4

Taconite mines and processing plant: An inland crushing and loading plant, a 47-mile
railroad to Lake Superior, a pelletizing plant, a harbor, an ore loading facility, and
towns for 4,000 employees were built between 1951 and 1955 at a cost of $187
miilion. The facilities were constructed by the Reserve Mining Company, jointly
owned by ARMCO Steel and Republic Steel Corpiration.4"

The Panama Canal: The 51-mile Isthmian lock canal involved over 5 million cubic
yards of concret6 and 280 million cubic yards of excavation. It was buih between
1904 and 1914 at a cost of $275 million; defense facilities cost another $111 million.
The planning, design and construction were supervised initially by an Isthmian Canal
Commission of seven appointed by the President of the United States. Funds were
appropriated by Congress. Rights to build the canal were granted to the United States
by a treaty with the Government of Panama.4"
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TABLE 24.1

CONSTRUCTION PROJECTS EXAMINED (Cont'd)

- The Suez Canal: This 109-mile sea-level canal, involving 97 million cubic yards of
excavation and connecting the Red and Mediterranean Seas was built between 1861
and 1839 at a cost of $189 million. A private company under Ferdinand de Lesseps
managed and directed all funding and construction activities. The Government of
Egypt agreed to permit the company to build the canal and to operate it for a period
of 99 years."8

- Missouri River development: Five large dams alor,' e _Am-mile reach of the Missouri
River cnvolving about 20(; million cubic yardF of earthfill, t million yards of concrete
and power plants with a capacity of 1.8 million kilowatts were built between 1947 and
1967 at a cost of $994 million. The Chief of Engineers, U.S. Army, :.-legated re-
sponsibility for design and construction to two Engineer Districts. Funds were appropriated
annually by Congress.4'

T1 ese projects were analyzed to determine their desirable and undesirable features, as might
per' ain to a sea-level canal. From this analysis, the following guidelines were derived:

- The project should be under the direction of an autonomous government authority
empowered to seek funds as described below and to manage and direct all elements
of planning, design, and coi-struction. The authority sh')uld have no responsibilities
other than those involved in building the sea-level canal. It should be governed by
commissioners who work full time on the project and who would be expected to
serve for the durat.:in of the construction phase. The number of commissioners
could be limited to three, including:
- An individual highly qualified in corporate management involving construction.
- An individual highly qualified in financial management of large projects.
- A highly qualified engineer who would be designated chief engineer.II- The public law establishing the authorit:, should be speciiic in defining the
responsibility and functions of the authority.

- A satisfactory treaty should be negotiated with the host country prior to design
and construction. The tr-.aty should establish means for resolving routine problems
associated with the construction effort.

- Funds for the total estimated cost of the project should be authorized by Congress
concurrently with establishment of the authority. Project funds should be
appropriated and allocated as required for orderly progress of the work. The
authority should be empowered t-. issue revenue bonds for about ten percent of the
estimated total project cost to supplement appropriated funds as necessary to
assure orderly progress of work.

- Elements of one or more existing governmental agencies or departments having the
requisite capability, experience and professional staff should be assigned and made
responsible to the authority for designing the canal and its appurtenances, and
contracting for and supervising its construction.

- Design and construction should be under the supervision and control of the chief
engineer, who should be resident on site with his design staff. Construction should
be accomplished on an area basis rather than a functional basis.
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- Construction should be accomplished by contract. Contract duration should be
rmade as long -s practicable without penalizing contractors with the effects of
inflation. Contract sizes should be varied to make best use of individual and joint
contractors.

- To a limited extent, specialized equipment should be procured and owned by the
authority and made available to contractors as needed, under renttd agreements. All
other plant should be furnished by the contractors.

- Division of direction and control of projects between the Uniied States and the
host country which would result in controversy and friction between the nations
must be avoided.

Operation: Table 24-2 describes the projects analyzed to develop guidelines for
operating the complete project. These guidelines are:*

- Management of operations at the sea-level canal should be accomplished by an
independent government agency similar to the Panama Canal Company.

- Policy making authority should be vested in a Board of Directors, composed of
representativis from industry, commerce and government. The Canal Director, a
member of tAe Board, would be responsible for all elements of canal operations and
would reside at the project. Supervisors responsible to the Canal Director would be
in charge of operational elements such as traffic control, maintenance and
engineering. Agency headquarters should be on site.

- The operating ageacy should not be formed by assuming the organization of the
constructing agency and absorbing its personnel.

- The agency should have continuing authority to obtain funds from capital markets,
as needed, for effective short-range and long- tige planning, although specific
authorization must be obtained from Congress prior to any issue of stocks or
bor!.dq

- The age any should have a revolving fund upon which it could draw for minor
capital improvements, operation and maintenance, and replacement of equipment.
Funds for major capital improvement should be authorized and appropriated by
item.

- Agreements with the host country on operational responsibilities and procedures
must be made before construction begins. They should be specific and not subject
to different interpretations which would adversely affect operation and mainte-
nance.

- Maximum participation of the private economic sector of the host country in
providing support services for shipping and operational personnel should be
obtained.

*Guidelines cor.endg financial mana.ment re anot inZktd.
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TABLE 24-2

OPERATIONAL PROJECTS EXAMINED

The Panama Canal: This is a 51-mile-long (land cut plus ocean approaches) lock
canal across the American Isthmus. In FY 1970 the canal transited 15,523 ships
carrying 119 million tons of cargo. Average time spent in canal waters was 18
hours, of which transit time was about 7 hours.

The Suez Canai. fhis 109-mile-long sea-level canal connects the Red Sea with the

Mediterranean. In 1965, 20,300 ships transited the canal carrying 250 million

tons of cargo, mostly petroleum. Transit time varied from 12 to 18 hours. The
canal has been closed since 1967.

The Cape CoJ Canal: 1This is a sea-level canal 17 miles long (almost 8 miles is
land cut) connecting Cape Cod Bay with Buzzards Bay in Massachusetts. Large
boat traffic averages 6,000 transits annually carrying about 10 million tons of
cargo. Small boat traffic averages an additional 12,000 transits annually. Transit
through the land cut usually takes less than an hour.50

St. Lawrence System: This lock canal system connects the Great Lakes witil
the Atlantic Ocean. The system includes the St. Lawrence Ship Channel, the
St. Lawrence Seaway and the Welland Canal. Of these, the Welland Canal carries
the most traffic, averaging more than 9,000 ships a year and 50 million tons
of cargo, mostly bulk materials.

The Upper Mississippi River: This includes a 9-foot navigation channel 663
miles long with 28 locks and dams. In 1968, cargo amounted to about 50
million tons. The system is closed during the winter.
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CHAPTER 25

DISPOSITION OF THE PANAMA CANAL

Considering the long time required for design and construction of a sea-level canal, the
on-going program of the Panama Canal Company to increase yearly transit capacity to
26,800 should be continued because it represents the most economical method of
accommodating increased traffic for the next 20 to 30 years.

At the time of completion of a sea-level canal along any alinement except Route 14, the
Panama Canal would retain its capability of transiting ships for a number of years, provided
it is kept in operable condition. To make effective use of this capability would require that
the two canals be considered as a single transiting system, even though khe Panama Canal
might not be in actual operation. As a part of this system, the lock canal might be operated
at a low level of transits, be maintained on a standby status, or be placed in "mothballs".
Ultimately, it might be dismantled or even abandoned.

Initial use: For a period of about ten years after the sea-level canal is opened to traffic,
the Panama Canal should be kept as an emergency standby facility. During that period, most
of the potential slope adjustments along the sea-level canal should occur, and if the
adjustments were sufficiently large to interrupt traffic, the lock canal would be available to
meet demands for trast:.g the isthmus. As assurance of slope stability is increased with
time, maintenance dredging, without interrupting traffic, shGuld be able to remove any
slides that occur. Operating plans developed by this study call for maintaining the Panama
Canal on standby for 10 years after opening of the sea-level canal.

Ultimate role: After that time the need to maintain the lock canal as a readily available
emergency alternative might not warrant the expense involved, particularly if lock
replacements became necessary. By then, operatica of ships in the sea-level canal in crrents
greater than 2 knots should have been tested thoroughly. If such operation roved
impossible, limiting the sea-level canal's capacity to about 38,000 transits per year, ti - lock
canal would be needed to supplement the system's capacity until the sea-level canal is
enlarged by the kddition of a bypass or extension of the approach channels. The
combination of uniriproved sea-level and lock canals would be capable of accommodating
more than 60,COO ti insits annually, with the sea-level canal transiting all ships larger than
65,000 dwt and both canals transiting smaller ships. Utilization of the system at this level
probably would justify major maintenance expenditures for the lock canal.
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If operation of most ships in currents up to 4 knots were to prove feasible, a one-way
sea-level canal would meet traffic requirements past the year 2040, making dependence on
the Panama Caral unnecessary. In that case, further maintenance of the lock canal would be
of questionable ,lue, and its salvage or abandonment should be considered.

If it appearm, that a full two-lane sea-level canal capacity is needed, conversion of the
Panama Canal to sea !evel should be considered as an alternative to double-laning the
sea-level canAl.

The ultimate role of the Panama Canal cannot he determined at this time; and until the
sea-level ciinal is a reality, no decision should be made which would preclude selection of the
Panama Canal as the probable least expensive and quickest means of providing a larger
number ,f additional transits if expansion of sea-level canal capacity becomes necessary.

Costs: The cost of operating and maintaining the Panama Canal is about $75 million per
year for about 15,500 annual transits. A lmited capability to respond to emergency
requirements could be retained by operating the canal continuously at greatly reduced
traffic levels. For example, instead of operating both of its lanes full time, a single lane
could be operated on a one-shift basis, 5 days a week. This cculd be accomplished at an
operation and maintenance cost of $4 million per year. It would serve to keep the lock canal
machinery in working condition and would keep available at least one trained crew out of
which ti build a larger operating force quickly if the need arose. Compared to the operating
costs of a sea-leve! canal, the cost of maintaining the lock canal apoears insignificant; yet,
the insurance it provides would be great.

Anothe- method of maintaining the lock canal in onerable condition would be to
"mothball" it. This would cost an estimated $1 million initiaimy; annual maintenance costs
would be less than $1 million. These costs are relatively low but restoring the canal to
operational status would take about a year and would cost about $5 million, including the
cost of recruiting and training operating personnel. If reactivation could be phased over a
period of several years, "mothballing" would offer an inexpensive means of maintaining the
",anal.
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CHAPTER 26

FURTHER IN VESTIGATIONS

Forecasts of transit requirements given in Annex IV, Study of Interoceanic and
Intercoastal Shipping, show that the wresent canal, even after substantial improvements have
been made, could reach its capacity as early as the year 1990.* Consequently, planning for
construction of a sea-level canal should permit meeting that date. Estimates for Route 1I

show a 14-year construction period, including a 2-year period of preconstruction
engineering and design. To meet a 1990 opening date, a firm. decision to proceed should be
made no later than 1975, accompanied by a commitment of funds to permit detailed design
to begin in 1976. Before these actions are taken, however, several specific aspects of
engineering technology should be improved to permit design work to proceed expeditiously.

Investigations which should be undertaken t3 support eventual design of a sea-level
cana! fall into two general categories: those which expressly facilitate economic canal
construction and those of much broader scope than the specific problems of an interoceanic
c -nal project. In the first group are ecological studies to determine the risk of mixing the
oceans; and subsurface geological investigations along the preferred route to assure the best
sitiig for the canal and to increase the reliability of the ilope designs. Those investigations
which have a scope broader ihan canal construction include an analysis of existing clay shale
slopes to improve design in certain lame earthmoving projects, definitive investigations into
the problems of navigating large ship. in confined waters, and nuclear excavation, which
should be pursued energetically to the point of establishing its feasibility.

Environment: The unanswered questions concerning the environmental impact of a
sea-level canal center around the mixing of biota between the oceans. Recognizing the lack
of agreement on this problem, the Commission asked the National Academy of Sciences to
propose a program for further investigations in the event a canal is to be t1-ilt.39 The
summary and recommendations of the National Academy report are shown in Inclosure E.
In substance, the National Academy's program calls for further studies of:

- the commercial and sport fishing industries in the countries that might be affected
by biotic interchange through the canal;

- the movement of water through the canal;
the eventual disposition of excavation material;

- physical and biological oceanog;aphy in the Gulf of Panama and the Caribbean,
including nearshore zone processes;

*This date ,o b ,t, on highest of the 3 transit projections accepted by the Commission. The other two accepted projedtions
show that ti t.apacity of the Panama Canal would be exceeded about the year 2000. Financial evaluation of the canal
was based on 'huse lower transit projections.
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- dispersal and colonization processes;
- biotic barriers; and
- smpling and taxonomic analysis of inshoie waters to a depth of 100 meters. This

program would be accomplished by a separate commission established to conduct
this work before, during, ,.iid after canal construction.

ihe Battelle Memorial Is.titute also proposed objectives for a marine ecological
research program. Included among these is a mathematical simulation of critical components
of the ocear, mixing process to provide quantitative predictions of its ecological effects.
Table 26-1 presents a comparison of data needed with those avaii.-!e to perform such
model studies.

There are sever.J qualified orgaiiizations which could undertake the recommended
ecological studies, including the Smithsonian Institution which operates scientific centcrs in
the Canal Zone.

Subsurface investigatiions: Excavation costs are governed by the type and quantity of
material tc be removed. In general, unit costs for excavating hard rock are higher than those
for soft rock; however, hard rock can support steeper side slopes. Consequently, all other
factors being equal, the volume of excavation through hard rock is considerably less than
that through soft rock. Minimum excavation costs, then, are achieved by choosing that
alinement which best balances unit costs - a function of the type of rock - and total
volume - a function of the terrain elevations and the strength of the foundation material.
Selecting the alinement which minimizes excdvation costs would be possible only after
extensive subsurface exploration. The cost of this exploration and accompanying analysis
would be more than offset by possible savings in construction costs. The accomplishment of
this work prior to the start of design is essential to the timely initiation and completion of
the project.

Such a program is time consuming. It would require drilling closely spaced bore holes
along and adjacent to the prospective route for geologic and soil analyses and boring several
shafts for in place examinations. The program should [ initiated in 1971 if optimum -esults
are to be obtained by 1976. (See Table 26-2). Its costs would be about $15 million, or $3.0
million per year. Although experience indicates that, no matter how detailed design studies
might be, some slides in a new -"anal would be inevitable because of adverse geological
structures, every effort must be made to minimize their effects.

Conventional excavation of a test section: The slope criteria on which estimates in this
study are based were derived largely from Panama Canal Company experience. The materials
along Routes 10 and 14 are similar, but not identical, to those through which the present
canal was excavated, but the slopes on the sea-level canal would be higher than those if the
Panama Canal. Thus, criteria used in this study may not be suitable for all conditions to be
encountered in building a new caiai!. A prototype section along the divide cut of the
sea-level canal would provide the best means of improving and refining current slope criteria.
But a suitabk, full-size test section with adequate length would be too large an excavation
project* to undertake prior to commitment of substtntial funds to the canal. Therefore,

*Estimated to cost approximately $100 million 'ot Route 10.
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TABLE 20•-1

COMPARISON OF PHYSICAL AND ECOLOGICAL DATA NEEDED AND DATA
AVAILABLE FOR MATHEMATICAL MODELING OF MARINE MIXING

Dat Needed Data Available

(1) Concentration profiles of limiting Physical(1) Average ccncentrations of a few
nutrients in the oceans at the termini elements of radioecuiogical import-
and in the freshwater discharge into ance, including some nutrient
the canal elements.

(2) Reaction rate constants for chemical (2) Qualitative descriptions of a few
reactions which produce or consume typical reactions but no reaction
limiting nutrients rate constants

(3) Concentration profiles of salinity, (3) Scattered, uncertain concentration
suspended solids, and other materials profiles for salinity and suspended
characteristic of habitats near termini solids, chiefly on the Pacific side

(4) Speed and direction of currents as a (4) Good estimates for average currents
function of time (tide and season) in the canal, scattered estimates of
nearshore, offshore, and in the canal offshore currents in the oceans, no

(5) Measurements of turbulent diffusiviites estimates of nearshore currents in the
in the canal and in the oceans (e.g., the oceans
by dye studies) (5) Estimates of turbulent diffusivities

(6) Temperature profiles in the oceans from other localities
and in the freshwater inputs to the ir) Scattered temperature profiles in the
canal oceans, none for freshwater

Ecc' •,qical

(1) Trophic structure of each ecosystem (1) Qualitative dietary infoi-rration for
of interest numerous species, but no detailed

(2) Biomass of each tricphic level information of trophic structure
of any ecosystem considered

(3) Biomass and energy transfer rates
between trophic levels (2) Crude biomass estimates for

phytoplankton, zooplankton,
)Biomass, trophic level, and life history anchoveta, and shrimp in the Gulf
tor each species of interest of Panama

(5) Biomass and energy transfer rates (3) Crude estimates of biomass transfer
between species of interest and oter rates fo" above-listed groups in the
trophic levels, predator-prey relations Gulf of Panama

(6) Phy siological tolerances of major species (4) Crude estimates of phytoplankton
to p incipal environmental variables biort.nss and productivity for one
and effects of these variables on biomass station1 ;n Caribb-ean and speculatie
transfer rates estimates for crown-of-thorns

starfish
(5) None except as metioned above

(6) Gross speculations only
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TABLE 26-2

SUBSURFACE INVESTIGATION PROGRAM (ROUTE 10)

Program for adjusting alinement

Number of holes 184
Total footage 73,600 linear feet

Drilling cost $2,160,000
Downhole logging 200,000
Laboratory testing 500,000

Subtotal $2,860,000

Program after alinement is firm

Number of holes 1,450
Total footage 193,000 linear feet

Drilling cost $5,800,000
Downhole logging 700,000
Laboratory testing 1,600,000
Shafts and adits (7,200 Lr-) 2,160,000

Subtotal $10,260,000

Total program cost

Total direct costs $13,120,000
15% contingency 1,980,000

Total $15,100,000

consideration was given to exca% .tting a test section at the start of the excavation period.
This, too, was found to be undcsir3ble because it would require that a considerable portion
of the total excavation effort be mobilized prematurely. Consequently, construction of a
prototype section was dropred from further consideration as an item to be included in the
predesign investigation program. Instead, the subsurface investigations program discussed
above has been designed to provide requisite data relating to slone stability.

Clay shales and soft altered volcaitic rocks- Neither the short nor the long-term stability
of such materials as are found along the divide cuts on Routes 10 and 14 is w:-II understood.
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Consequently, conservative slope criteria have been used in preparing estimates for this
study. Substantial savings might be realized if it were possible to construct the canal initially
with slopes steeper than called for in this study. If necessary, slopes could be brought to
their final configuration through maintenance after the canal has been put in operation. This
would involve an element of risk. The study of clay shale slopes now being conducted by
the Corps of Engineers and the Panama Canal Company should be augmented and carried
forward to minimize the risk of using steeper slopes. The cost of this augmented program
would average about $150,000 annually.

Navigation: The design channel used in this study is considered to be conservative in
terms of its dimensions and the provisions it makes fur tidal gates and tugs. Further
analyses and model studies might point the wry to safe navigation in a smaller chanr,.l, in
faster currents or without reliance on tugs. A change in any of these factors could produce
substantial savings in construction and operating costs. An investigative program costing
about $300,000 per year for 5 years should either confirm navigational criteria used in this
study or lead to better criteria for designing confined waterways. The investigations should
combine the fields of tidal hydraulics, hydrodynamics of ship design, civil and marine
engineering, mathematical and scale model simulation, ship handling procedures, and
waterway management. The objectives of the program would be:

-- To identify the relevant factors in the safe and economic design of confined
waterways suitable for large ship navigation. This identification process should
include a search and analysis of pertinent literature.

- To desigit processes for evaluating the relevant factors. If a simulation process is
necessary, as appears likely, mathematical and scale model investigations should he
planned in detail. These investigations should encompass information gained from
the performance of ships in operating canals, with particular emphasis on pilot
performance and its impact on the relationship between the ship and its behavior in
a channel. Variable currents, current reduction methods, assistance from tugs and
different methods ol" operating waterways should be considered in planning the
evaluation processes.

- To perform the necessary evaluation processes.
- To analyze the results and prepare appropriate technical reports.
- To prepare a manual which would permit the design of the most economical safe

channel in confined waters for large ships of specified sizes.

Nuclear excavation: Although nuclear excavation technology his not yet been fully
established, it still offers prospects of substantial savings in large excavation projects.
Investigations performed in connection with this study have highlighted what rema:ns to be
done to demonstrate the feasibility of this technique and the need to continue and intensify
the joint nuclear excavation program of the Atomic Energy Commission and the Corps of
Engineers. Its objectives should include those appropriate to nuclear excavation of the
sea-level canal, as enumerated in Chapter 6. They should include a large-scale on-site
cratering experiment. If for reasons not now foreseen, initiation of a sea-level canal is
deferred, nuclear excavation, given sufficient impetus, might prove feasible for its
construction.
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Summary of further investigations: A program to investigate those problems which
must be resolved prior to the initiation of detailed design is summarized in Table 26-3.

TABLE 26-3

PRE-DESION INVESTIGATING PROGRAM

Estimte Average
Subprogram Objective Dete Anuali Cost

Progrmn oriented toward a
qsedfic interoosasi, oana routa

Ecological To conduct -- -mntlnuing investigstion in~to poaslbfo 1971 on $ 2000,000
Investigaiton etologit~ri cons, imnces of constructing a conal, with

emphasis on the mixing of merine blots.

Sub~surface To dletermnine enough 19malvd informration about local rock 197141975 $ 3,0AWAW
lnvestlgstions characteristics to choose the optimumn alineme rz snd appraise

msterial propertie- before detaled desl3n begirný.

111opranis applicbe; to canal
construction Ini general

Slope stability To Investigate the stability characteristics of clay shale and 1971-1975 $ 150,00
Investiptions soft altered volcanic rocks to a point where the most

econoxMcal sections through such material con be specif led.

Navigation of To develop theory and data which will allow the design of 1971 -1975 $ 30000
large shimu in the molt economical navigation prianti o meet specified
conf ined waters requirements In large shlp canals.

Nuclear To develop the technology to the point where It can be 1971 on $10,000,000
excavation demonstrated feasible or infeasible for constructing an
technology interocasnic canal. The program should emphasize high-

yield row detonations In setuated rock.

*Assuming Initiation of design In 1975.
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PART VI
CHAPTER 27

CONCLUSIONS

Concerning the engineering feasibility of a sea-level canal:
- Construction of an interoceanic sea-level canal is feasible now.
- The feasibility of employing nuclear excavation techniques for this purpose has not

yet been established; consequently, if excavation of the canal were undertaken
within the next several years, it would have to be by conventional means.

- No ecological factors have been identified which would preclude construction of a
sea-level canal; however, a number of possible environmental problems should
receive further study if it is decided to proceed with this project.

Concerning the best alternative for meeting projected traffic demands:
-The best present means ol' meeting the initial i equirement for a capacity of about

35,000 annual transits for ships with maximum size of 150,000 to 250,000 dwt is a

conventionally-excavated sea-level canal along Route 10.
- That canal should consist of a single channel 55C, ieet wide at a depth of 75

feet below mean sea level at ita edges, with a parabolic bottom 10 feet deeper
along its centerline. Provision should be made for tidal gates until the
feasibility of operating the canal with unregulated flow is demonstrated.

- The Panama Canal should be retained as a supplemental facility and operated,
as needed, in corJunction with Route 10 as a single systcm.

-- A canal built along Pout(- 14 Sparate having the characteristics described
above would meet the initial reqniirement at approximately the same cost as
Route 10. However, Route 14 is less desirable because it entails some risk of
prolonged interrupt:on to Panama Canal traffic, its adverse environmental
impact is grepter thin that of Route 10, its construction eliminates the Panama
Canal as a supplemental facility, and its expansion capabilities are more limited
*hart thoseý of'Route 10.

- Determinaticn 'f the bcst means to achieve additional capacity should be deferred
until the sea-level cana! has been in operation for several years. Alternatives
considered at that time might include:
- Relaxation of the conmervative ,perm'ing procedures that are contemplated in

this study.
- Construction of a bypass or lengthening of two-lane reaclhes in the sea-leveli canal.

- Increased utilization of the Panama Canal, including .onsF-uction of additional
locks.

- Conversion of the Panama Canal to provide a second sea-level canal.
Construction of a second sea-level canal by nuclear means.
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Concerning the use of nuclear excavation:
- If the decision to build a sea-level canal is deferred, the use of nuclear explosives for

its excavation should be reconsidered.

Concerning construction of a sea-level canal:
- Construction of a sea-level canal along the Route 10 alinement would take about

14 years, including 2 years for preconstruction planning and design.
- Total construction costs for this canal are estimated at about $2.88 billion.
- These ;stimates should be updated when authorization of construction is sought.

Concerning organization of the construction effort:
- Construction should be controlled and directed by a commission reporting directly

to tri 'President.
- All funds required for construction should be budgeted and justified by the

commission which should have supplemental independent financing authority as
necessary to assure uninterrupted progress of the work.

- The commission's organization in the field should be drawn from existing federal
construction agencies but should be made responsible only to the commission.

- Design and supervision of construction should be performed by the field
organization, with sufficient authority delegated to its chief to enable himl to carry
out his responsibilities effectively.

- To the fullest extent possible, construction should be carried out under contract;
items of equipment which by their nature or size are peculiar to this project should
be Government-owned and made available to the contractors.

- The commission and its field organization should be dissolved upon completion of
construction.

Concerning the operation of a sea-level canal:
- The sea-level canal and the Panama Canal should be operated as a single system

under an independent Government agency or Government-owned corporation.
- The operating agency should have limiied financing authority to provide for

maintenance and necessary improvements.

Concerning increasing Panama Canal capacity in lieu of constructing a sea-level canal:
- It is not practicable to meet the Commission's stated transiting requirements

through major improvements of the Panama Canal.

Concerning actions to be taken now, unless the decision to build a sea-level canal is to be
deferred at least 10 years:

- Specific studies of the effects of a sea-level canal upon regional ecology should be
undertaken immediately.

- An extensive subsurface exploratory program should be conducted along the route
selected to determine the precise alinement of the canal before detailed design
begins. The Corps of Engineers, working in coordination with the Panama Canal
Company, appears to be most appropfiate for this task.
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Concerning actions to be taken now, regardless of when the decision is made to build a
sea-level canal:

- The modernization program of the Panama Canal Company to expand the capacity
of its existing facilities to 26,800 annual transits should be pursued vigorously.

- Nuclear excavaedon technology should be developed to the point where its
feasibility will be known by thase who must make decisions on canal construction.
To that end, the joint Atomic Energy Commission - Corps of Engineers nuclear
excavwtion research program should receive continuing support.
- tli, dynamics of ships moving through confined waterways should be fully
dctermined. The Corps of Engineers, in consultation with the Department of the
Navy arid the Maritime Administration, should formulate and execute a program to
develop basic understanding of this subject.

-- StabiWlity of high slopes in clay shales and soft altered volcanic rocks should be
investigated to the point where safe and economical slopes in such materials can be
designed. The Corps of Engineers, operating in coordination with the Panama Canal
Company, should continue its work toward that objective.
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TECHNICAL ASSOCIATES FOR GEOLOGY, SLOPE STABILITY
AND FOUNDATIONS

OF THE
ATLANTIC-PACIFIC INTEROCEANIC

CANAL STUDY COMMISSION

CONSULTING GEOLOGISTS CONSULTING ENGINEERS
FRANK A. NICKELL - San Mateo, Calif. ARTHUR CASAGRANDE - Cambridge, Mass.
ROGER RHOADES - San Francisco, Calif. PHILIP C. RUTLEDGE - New York, N.Y.
THOMAS F. 1"HOMWSON - Reno, Nevada

March 2, 1970

Mr. Robert B. Anderson, Chairman
Atlantic-Pacific Interoceanic Canal Study Commission
726 Jackson Place., N.W.
Washington, D.C. 20506

RE: COMPARISONS OF
INTEROCEANIC CANAL ROUTES

Dear Mr. Chairman:

The scope and organization of the following report result from discussions during the
meeting with Commissioners Hill and Fields in San Francisco on January 28 and 29, 1970.
It consists of two main sections, one concerned with Routes 17 and 25 that require nuclear
excavation and the other with Routes 10, 14C and 14S that would bc constructed wholly
by conventional excavation. The concepts anti conclusions have evolved from association
with the investigation since its beginning in 1965 and from continuous review of the
extensive investigations and reports of the Corps of Engineers' stady groups. Detailed
technical recommendations, which were reported to the Corps of Engineers periodically
during the study, are not repeated herein.

The comparisons between routes have been based on considerations of geology and
engineering related to design and construction of a canal, in light of the existing state of
knowledge of effects on slope stability, to result in an evaluation of the relative merits,
disadvantages, uncertainties and risks of routes for a sea-level interoceanic canal. In the first
main section Routes 17 and 25 are compared assuming feasibility of nuclear excavation and
the feasibility assumption is then considered. In the second section comparisons of
conventional excavation routes are maJe between Route 10 and Routes 14C and 14S and
then between the latter two routes within the Canal Zone.
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ROUTES REQUIRING NUCLEAR EXCAVATION OVER
PORTIONS OF THEIR LENGTH

Routes 17 and 25 require nuclear excavation of very deep cats through the
mountainous sections to make them econondcally feasible. These routes are first compared
in their entirety and then the feasibility ci' nuclear excavation for carnal construction is
discussee. A&suming that nuclear excavation is feasible, co-, parison of Routes 17 and 25
logically divides itself into the mountainous sections requiring nuclear excavation, the
lower-lying sections excavated by conventiooal methods, and requirements for diversion of
flood waters.

(1) Mountainous Sections

The continental divide orn Route 17 is ne.- the At!antic sid, and is near the Pacific on
Route 25. The highest elevations are roughly the same but the length of high elevation for
Route 25 is somewhat less. The geology and basic types of rocks are similar and will permit
relatively steep excavation slopes such as might be produced by nuclear blasting.

On Route 25 it seems possible for reasons of geology that nuclear excavation could be
extended farther to the east than shown on the construction p!an, thereby reducing the
requirement for more costly conventional excvation.

On Route 17 there is a second high ground section near the Pacific entrance. This
presents two distinct disadvantages; first, the geologic structure of the Pacific highland is
more complicated than hi the continental divide and the rocks are less competent, creating
some uncertainty as to stability of slopes produced by nuclear excavation; and second, the
two separated sections requiring nuclear excavation doubles the number of interfaces with
conventional excavation sections. Such interfaces and transition zones beLween the two
types of excavation introduce uncý,rtainties into design and constructi-n. Design problems
include: (1) the selection of the points where the transition can safely be made, and (2)
determination of stzble slopes for tWe transitions. Coaistnr,:tion problems exist in ixtending
conventional excavation into the d~er masses of broken rock crteated by larger ,ouclear
explosions.

In balance. the problems of nuclear excavation are less on Route 25 and this route is
the more favorable for nuclear construction if and when feasibility of thr. method can be
established.

(2) Conventional Excavation Sections

Route 17 includes a !cngth of about twenty miles across the Chucunaque Valley where
the average ground surtace is about Elev. 200. The underlyirtg rocks are clay shales of the
Sabana beds in which tWe possibility of '.reating stale slopes by nuclear excavation
procedures is very unlikely, In fact, proper slopes for conventiona' excavation would have to
be developed for these weak rocks and some trial excavations wowid be required to establish
economical safe slopes. In addition, it is not yet known how far the weaker rocks of
fornraations bordering the Sabana Beds extend into the foothills of the Atlantic and Pacific
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divide sections but geologically it seems possible that conventional excavation might have to
extend into relatively high ground, further increasing difficulties and costs.

In compaiison Route 25 has a length of eighty miles across the Atrato Swamps but the
surfake elevation for most of this length is close to sea level. Generally, the materials for the
full depth of the canal prism are soft organic deposits and unconsolidated soils which can be
removtd by hydraulic dredging. Techniques for building a canal in such materials are well
established, no unprecedented methods are required, and no significant difficulties are
anticipated. It would also be easy to widen or to divide the canal into separate channels in
this section if sufficient space is left between protective levees in the initial planning.

In summary, the greater length of conventional excavation or. Route 25 is more than
offset by absence of grave uncertainties in design and construction as compared with Route
17.

(3) Flood Diversion Requirements

Route 25 has the disadvantage of large volume rivers with heavy silt loads flowing
toward the alignment in its lower reaches. These flows would create unacceptable conditions
in the sea-level canal; large and long flood diversion channels are required on both sides of
the canal to carry the flood waters to safe discharge into the Atlantic, particularly on the
east sidt where the flood channel for the Atrato River approaches the size of the canal itself.
The penalty lies in volume of required excavation and cost, but no particular design and
construction difficulties are anticipated.

Head water river flows on Route 25 will enter the canal but the volurr,-s of flow are
small and no particular difficulties are anticipated. On Route 17 it is planned to drop the
flows of the Sabana and Chucunaque Rivers into the canal. The flood flows here are
somewhat larger than the head water river flows into Route 25 and the silt load is expected
definitely to be larger, creating a requirement for maintenance dredging in the Route ! 7
channel. No particular difficulties arc anticipated in developing a design for safe dissipation
of energy where the waters of these rivers are dropped into the canal.

Feasibility of Nuclear Excavation

Feasibility of excavation by nuclear explosions is discussed in terms of: (I) the present
situation, i.e., the possibility of its being used with assurance for interoceanic canal
construction within the next ten years; (2) the requirements for a continuing program of
nuclear testing to assure future feasibility; and (3) the possibilities of future applicability to
weak rocks such as the clay shales of the Chucunaque Valley. These discussions apply
exclusively to the physical development and configuration of craters which would result in a
usable canal and exclude all other effects of nuclear explosions such ,,s seismic, air blast, and
radiological hazards.

(1) Present Feasibility

The Technical Associates are in unanimous agreement that the techniques for nuclear
excavation of an interoceanic canal cannot be developed foi any constructi,•n that would be
planned to begin within the next ten years.
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The reasons for this opinion are:
a. Extension of the scaling relations now established by tests to the much higher

yield explosions is too indefinite for assured design and the "enhancement" effects
due to saturated rocks and row charge effects now assumed have not been proved
by large scale tests.

There is a definite possibility of a major change in the mechanics and shape of
the crater formed by the much higher yield explosions required for the canal
excavations as compared to extrapolations from the relatively small-scale tests
carried out to date.

b. The effects of the strength of rock on the stability of "fall-back" slopes and the
broken rock crater slopes projecting above the fall-back to the great heights
required for an interoceanic canal have not yet been established.

Therefore, the Technical Associates conclude that nuclear excavation cannot
safely be considered as a technique for assured construction of an interoceanic
canal in the near future.

(2) Future Development

The economic advantages oi nuclear explosions for excavation of the very deep cuts
required by an interoceanic canal are so great that the present "Plowshare" program should
be continued, extended, and pursued vigorously until definitive answers are obtained.
Assured application of this technology to design and construction of an interoceanic canal
will require an orderly progression of tests up to full prototype size, including full-scale row
charge tests, in generally comparable rock types, terrain and environment. Such a program
may well require another ten to twenty years to establish whether or not nuclear excavation
technology can be used with positive assurance of success for construction of a canal along
Routes 17 or 25.

(3) Application to Excavation in Clay Shales

A growing body of knowledge and experience indicates that high slopes in clay shales,
as in the Chucunaque Valley, or in more competent rocks underlaid by clay shales, as in
parts of the existing canal, may have to be very flat for leng-term stability and to avoid the
danger of massive slides in the first few years after excavation. Some attempts have been
made to produce such flat slopes by elaborate explosive techniques, such as over-excavation
in anticipation of slides, multiple row charges, and successive series of explosions or
"nibbling" techniques for application to problems such as construction of a sea-level canal
across the Chucunaque Valley. The Technical Associates believe this to be a highly
unpromising line of investigation with mininmal chances of developing procedures that could
be used with assurance in the foreseeable future.

ROUTES CONSTRUCTED BY CONVENTIONAL EXCAVATION

Routes which would be constructed wholly by conventionai methods are Route 10
about ten miles to the west of the existing canal and generally outside of the Canal Zone
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and Routes 14 Combined and 14 Separate both in the Canal Zone and near the existing
canal. 'The relative advantages, disadvantages, risks and uncertainties will be discussed first as
between Route 10 and either of the Routes 14 and second as between Route 14C and
Route 14S,

Experiences with slides in the excavated slopes of the existing canal near the
continental divide clearly demonstrate that achieving reasonably permanent slope stability is
a major problem and would be a large economic factor in the design and construction on
any of these routes. Comparisons herein are based primarily on uncertainties and risks of
instability of excavated slopes, with some attention to the stability of stru +,lres and
excavation spoil placed on top of the soft Atlantic mucks of the Gatun Lake .rea. All
comparisons relate to the alignments and ezcavation slopes presented in the final reports
prepared by the Corps of Engineers' study groups operating under the supervision of the
Engineering Agent. It is recognized that some of the ,isks discussed herein have been
partially compensated fcr by adoption of different slope design criteria for the three routes,
as earlier recommended )y the Technical Associates. The following discussion pertains to
remaining advantages, disidvantages, uncertainties and risks.

Comparison of Route 10 with Routes 14C and 14S

Route 10 has the following advantages: (a) it could be constructed and placed in
operation without hazard to or interferences with the existing lock -,anal which could be
maintained on a standby basis. A slide during construction or in the first few years of
operation, while undesirable, would not result in complete blockage of trans-isthmus ship
passages as it would on Route 14C or 14S. (b) A large part of Gatun Lake could be
maintained permanently at its present elevation by barrier dams, which would not be
particularl-' difficult to construct where Route 10 crosses the lake. (c) By virtue of its
separation from the existing canal and Gatun Lake, a large part of the excavation could he
accomplished in the dry by well-established construction methods. (d) Large portions of the
tremendous volume oi excavation spoil could be transported to the Pacific and Atlantic
Oceans for useful construction of breakwaters and for disposal with the least effect on the
onvironment. (e) The terrain lends itself well to economical construction of a ship by-pass
channel near the middle third of the length, if increases in traffic should make this
necessary. This is not possible on Route 14.

A major disadvantage and uncertainty of Route 10 along the alignment presently
explored is that about eight miles of the length across the continental divide, the highest and
largest excavation volume part of the route, appears to be underlain by soft altered volcanic
rocks at depths which would have major unfavorable effects on stability of excavation
slopes. There is no precedent of excavation experience for the slope stability characteristics
of these soft altered volcanics but results of laboratory testing indicate that they may be at
least as weak as the c!ay shales which have caused severe slope instability along the existing
canal. Thus, relatively flat excavation slopes have had to be assumed, even when adopting an
"observational approach" in which trial slopes would be excavated and observed as full-scale
tests to determine the steepest safe slopes.

The critical geology and structure of the underlying formations on Route 10 is
completely masked by a thick basalt capping across the divide area. It must bt assumed,
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however, that similar structures and faulting as along the existing canal .,nderlie the basalt.
Some geologic evidence indicates that lateral shifting of the alignment of the reach through
the continental divide, perhaps by a mile or so, might encounter more competent underlying
rocks. If so, the disadvantage of higher terrain might be more than compensated for by use
of steeper slopes, thereby reducing both excavation volumes and uncertainties. Therefore,
design studies for Route 10 should incitde explorations of offset alignments in search of the
best rock and geologic structure. 'This will require a very large number of core holes to
depict the geologic conditions adequately for rea3onable design and will necessitate one or
more years' lead time for accomplishment of these required investigations. it is the
geological consensus, however, that design explorations will not disclose subsurface
conditions that are worse than those along the line now explored and which are reflected in
use of conservative soft rock slop*, s for the entire eight mile length.

Routes 14C and 14S have the advantages of more extensive and complete subsurface
and surface geological explorations in the area of the existing canal and of smaller
excavation volumes due to the generally lower topography. An exception is the crossing of
Gatun Lake at its widest point where barrier dams to establish differences in water levels
may rtquire large excavati.ons and massive quantities of fill. Their disadvantages are almost
certain interferences with operations of the existing canal during construction, complete loss
of the existing canal during and after conversion to a sea-level canal, and loss of Gatun Lake
in its present form. There are also uncertainties and risks of major slides which are discussed
more fully in the ccmrarison between Routes 14C and 14S.

Comparison of Route 14C with Route 14S

(1) Slope Stability

In the continental divide section Route 14C involves hazards of major slides which
could close the existing canal for long periods of time during construction of the new canal,
and which thereafter could block the sea-level canal. These hazards result from much deeper
excavations through sections where landslides have already been activated by construction
of the existing canal. They would be particularly serious during the period of rapid
drawdown required for conversion to a sea-level canal. While allowances for this hazard have
been made in recommendations for slope design, there still remain unknowns and
uncertainties concerning the effects of the rapid drawdown (in a period of about ten days)
or. the stability of slopes where past sliding and stress readjustment have created major
planes of weakness.

Gold Hill presents a particular hazard to Route 14C. Observational records indicate that
this rock mass is moving erratically and is squeezing softer materials below its base upward
into the existing canal. It is believed that safe construction of Route 14C would require
unloading of Gold Hill which will significantly increase the volume of excavation.

By virtue of its separation through the critical divide cut length, the hazard of slides
blocking the existing canal are much less for Route 14S. It is possible that its excavation
could still endanger the stability of Gold Hill but both the hazard ar.. magnitude of any
corrective unloading would be greatly reduced.
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(2) Excavation and Excavation Spoil

Due to its location contiguous to the existing canal, Route 14C requires underwater
excavation of large volumes of rock, excavation to depths greater than 150 feet below the
operating water surface by construction procedures which are without precedent. In
addition, a large part of the divide cut excavation spoil would have to be hauled to disposal
in Gatun Lake which would drastically change the configuration of the residual lake. In
contrast, practically all of the divide cut excavation for Route 14S could be made in the dry
by methods for which there is ample precedent and a large part of the excavation spoil
could be disposed of in the Pacific.

Excavation spoil deposited in Gatun Lake, whether it bc in the form of barrier dams or
non-functional waste areas, will rest on the soft Atlantic muck deposits forming the lake
bottom. Stability studies for barrier dams in the central portion of the lake have shown that
these weak materials create major dangers of massive slides during the rapid drawdown of
the lake to sea level, which is certainly required on the canal side of any spoil piles. Thus,
regardless of the intended purpose of the spoil piles, very flat side slopes and all of the
protective measures incorporated in the design of barrier dams will be required wherever the
spoil is not confined by existing rock islands. This condition applies equally to Routes 14C
and 14S although, for the latter, the volumes of spoil in the lake could be greatly reduced.

CONCLUSIONS AND RECOMMENDATIONS

On the basis of the consideratiomis summarized in the preceding sections, the Technical
Associates for Geology, Slope Stability and Foundations have reached the following
conclusions and recommendations:

I. The physical feasibility of excavation of a sea-level canal by nuclear explosions is
not now established. Therefore, nuclear excavation cannot be recommended for
consideration for any canal that should enter construction within the next ten
years. However, if design and construction of a new interoceanic canal are to be
deferred one or more decades, nuclear excavation techniques hold promise of such
great economic advantages that investigational and testing programs, as recom-
mended in this report, should be pursued vigorously, but with the following
exception. Attempts to excavate stable slopes in deep cuts in clay shale rocks by
explosive procedures are so unlikely to produce acceptable or safe result that
further investigations or tests in this direction are not recommended.

2. Assuming that nuclear excavation is now a feasible assured construction technique
and in terms of the technical uncertainties and risks then remaining, the choice
between Routes 17 and 25 is decisively in favor of Route 25 in spite of its greater
length.

3. For routes constructed by conventional excavation the advantage of Route 10
being separated from the existing canal far outweighs potential difficulties and
uncertainties in comparison with Routes 14C and 14S. If this route is selected, the
Technical Associates recommend that the existing canal be maintained in an
operational condition for at least ten years after a new separate canal has been
placed in operation. By having the existing cana! available in the event of a
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temporary blockage of the new canal, Route 10 would justify economies which are
inherent in an observational approach to the Pelection of design slopes, but which
involve some risk of slides after completion of construction.

4. If for reasons not considered herein a route within the Canal Zone is considered
imperative, construction of Route 14S introduces substantially fewer hazards and
uncertainties than Route 14C. Route 14C would result in filling large portions of
the Gatun Lake area with excavation spoil, which is not necessary for Route 14S,
and has substantially increased hazards of canal blocking slides caused by the
drawdown of water levels accompanying conversion to a sea-level canal. Major
geologic surprises are not anticipated on these routes.

5. A valid comparison cannot be made between Routes 10, 14C and 14S, all of which
would be excavated entirely by conventional means, and Routes 17 and 25, both
of which require nuclear excavation for the planned construction. Nuclear
excavation is not yet a proven construction technique and there is no assurance
that construction plans and cost estimates based on present knowledge are valid.
Therefore, dollar cost comparisons at this time have no true significance. The
comparisons presented herein between Routes 17 and 25 are based on the
assumption that assured feasibility of nuclear excavation can be developed by tests
over the next decade or two, at which time construction on Route 2S might be
planned with some confidence. If earlier construction of a sea-level canal should be
recommended by the Comnmission, it is urged that the route selection be restricted
to Routes 10 and 14S which can be constructed by presently known techniques of
design and excavation.

The Technical Associates for Geology, Slope Stability and Foundations hope that this
report, bdsed solely on technical considerations of risks, uncertainties and favorable aspects
of the several rouxtes considered for a sea-level canal, will be of assistance to the Commission
in its final deliberations and recommendations.

Respectfully submitted:

Fra'a A. Mckall, Consultiig Geologist

R•oge Ahoadles Consultain Geologis

PCiR:hc 6t4t a
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BOARD OF CONSULTANTS ON CONVENTIONAL

EARTHWORK CONSTRUCTION METHODS
OF THE

ATLANTIC-PACIFIC INTEROCEANIC
CANAL STUDIES

L. Garland Everist 1. Donovan Jacobs
Western Contracting Corporation Jacobs Associates

Grant P. Gordon Lyman D. Wilbur
Guy F. ,tkinson Company Morrison-Krud-en Company, Inc.

July 9, 1970

General R.H. Groves, Engineering Agent
Atlantic-Pacific Interoceanic Canal Study Commission
Office of the Chief of Engineers
Wasihington, D.C. 203 i 5

Drar Geneiwl Groves:

The Board of Consultants on Conventional Earthwork Construction MNci "ids was
organized in the latter part of 1966. It visited the Panamna Canal Zone in October 19066 and
has met on six subsequent occasions, the last being in July of 1970. All meetings except the
last were arranged by the Jacksonville District of the Corps of Engineers of the United
States Army with presentations by the Corps of the status of studies to date and proposed
method of attack to arrive at the best solution to date. At each meeting the Board was asked
, number of questions that were answered in writing. During discussions at each meeting the
Board was asked to criticize freely the work that had been accomplished by the Corps since
the previous meeting. The Board did so, as well as offer suggestions as to methods,
production, equipment systems and type of management and construction organization.
Since the Corps' report reflects most of the Board's suggestions and comments, we will not
try to repeat them here. However, it may be of interest and useful for the Board to make
the following observations with reference to the studies-

I. PRESENT SCOPE OF INVESTIGATIONS. The studies on conventional excavation
methods prepared by the Commission have been made in an excellent manner and
result in sound conclusions using the data presently available. It appears that all
reasonable alternates have been considered and properly weighed in an effort to
arrive at the best solutions of construction systems and costs. Since it will be some
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time before construction will actually begin, new information and facto•s will no
doubt cause some changes in methods and estimates. We believe that the est'mates
are adequate to compare the various alternatcs and properly evaluate their ):,lative
merits and determine the probable actual cost.

2. CONTINGENCY FACTORS. We have found that the Corps has been most anxious
to get the best thinking possible into their studies. They have welcomed our
suggestions and modified their estimates to conform to our ideas with one
exception and that is an item of contingency. Most contractors in estimating a
project of the magnitude of the proposed sea-level canal take into account the
uncertainties of effect of weather, production, support items left out of the
estimate, and other factors by making their best estimate of cost and then adding a
contingency factor of from 5 to 10% in addition to their expected profit. We
believe that the 6% included in the estimates for contractor's profit should be
increased by another 5 to 10% to cover the construction contingency. This is not
to be confused with the usual engineer's contingency of 5 to 1 0% to cover changes
in quantities or design. The contractor's profit usually does not exceed 6% but the
extra costs represented by the contingency item do occur.

This addition to cost is not important in making comparisons fyi route selection,
as all costs would be adjusted proportionately. Also this increment of cost will no
doubt be overshadowed by the effects of escalation, and changes in available
equipment before the project is actually constructed. This item should be
considered as indicative of the range of accuracy of the estimates. In making
authorizations and appropriations, it should be taken into account.

3. EFFECT OF SLOPE CHANGES AFTER START OF CONSTRUCTION. It is
recognized that it is uneconomical to excavate side slopes to an absolutely safe
slope that would eliminate all slides. It has been suggested that an experimental
section of the canal be excavated to assist in determining the best slopes for the
balance of the excavation. Because of the high cost of such an experiment, the time
involved and the effect of its interference with the overall construction scheme, the
Board believes it to be more desirable to spend efforis on drilling to obtain more
subsurfa'e information on which to base the design of side slopes.

The slopes should then be designed reasonably safe based on the best practice
and interprctation of subsurface exploration and the experience on the present
canal. After construction starts the slopes can be changed as the work progresses if
found necessary. It must be recognized that the cost of flattening the slopes will be
considerably greater per unit of quantity than the original excavation.

4. FEASIBILITY. The proposed interoceanic canal will be the largest earthmoving
operation ever attempted. Nevertheless construction on any of the routes can be
accomplished with conventional equipment and within a construction period of 10
to 14 years. Because of the large numbers of giant-sized equipment units needed,
two years will be required to mobilize for the major excavation effort. Because of
the much greater quantities of excavation on Routes 17 and 25, the cost will
greatly exceed the cost for Routes 10 and 14 unless nuclear excavation is proved
feasible.
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Although improved construction equipment and methods will tend to reduce
costs, it can be expected that the increasing wage and price spiral will more than
offset equipment advances so that excavation costs will increase during the next
decade.

5. EQUIPMENT SYSTEMS USED. The equipment systems used in the estimates are
all well established and have proven out in actual practice on many of the
construction jobs and mining operations being performed today. The principal
difference between present operations and those proposed for the interoceanic
canal is the magnitude of the job and the requirement to assemble in one place and
at one time the largest fleet of jumbo-sized equipment ever attempted to date. No
two construction projects are ever exactly the same so that it is impossible to base
estimates on actual overall costs on previous jobs. However, the various elements in
a job have usually occurred previously on some other work so that the elements
can be combined to represent the overall conditions expected on the project under
consideration. This has been the approach for the interoceanic cana! studies.

In an area of high rainfall the effect of weather must be taken into account. A
barge or waterborne equipment system is the least affected by rainfall. Systems
involving rail operations are affected less than systems relying on trucking, which is
the most adversely affected in areas of high rainfall.

Use of barrier dams to permit excavation of the Gatun Lake portions of Route
14 has been considered. However, the final estimates have been based on deep
dredging with suction dredges, draglines and dipper dredges without the use of
barrier dams. Although the depth of dredging required has only recently been
successfully accomplished with suction dredges, the Board anticipates no serious
problems in using this method in Gatun Lake. The Board believes the problems
involved using this method will be less than with barrier dams.

The cost estimates have taken into account the weather factor by utilizing a
truck-oriented system to excavate only in the higher elevations where rail or barge
transportation is the most costly. Comparative estimates have been made for both
barge and rail-oriented systems for various parts of each route with the least costly
system being adopted as the project estimate. Suction dredging for the Atlantic and
Pacific approaches rounds out the four systems used in the cost estimates for the
various parts of conventionally excavated routes. The Board conc'jrs in this
selection as being most appropriate for arriving at the soundest cost estimates based
on present technology.

6. OTHER EQUIPMENT SYSTEMS. The wheel excavator with transportation by
conveyor belt has been adapted to large scale excavation in recent years. Under
suitable conditions, this is an ideal system but unfortunately the conditions of
weather and material along the various canal routes do not appear to fit this
system.

The front end loader is rapidly replacing power shovels for excavating and
loading hauling equipment. It may be that by the time construction on the
interoceanic canal starts that this tool would be further developed so that it would
replace some of the power shovels now contemplated. However, it is unlikely that
the cost estimates would be greatly affected by such a change.
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Self-propelled scrapers are an effective tc! for excavating and moving
equipment medium distances. It is probable that some of the excavation estimated
for shovel and trucks will actually be accomplished with scrapers. However, the
effect on overall costs will be negligible.

Some of the excavation in the medium hard rocks has been estimated using
barge mouited draglines and shovels (dipper dredges). Some of this excavation
coald be handled by suction dredge but the Board believes this method would iot
result in any reduction in cost.

7. PREFERABLE ROUTES FOR INTEROCEANIC CANAL. Of the five routes (10,
14C, 14S, 17 and 25) considered by the Board, Route 10 is the most preferable
from a conventional construction standpoint. Access and interference with other
installations or activities are important considerations. None of the routes present
any obstacle that cannot be met and overcome by the competent constructor.
However, R-)utes 17 and 25 are in remote areas and will require more effort to
provide support facilities as nothing is presently available, thus requiring the
building of 100% of the support. This will take time as well as money and would
delay start of construction on the canal. Also the local labor supply is negligible as
compared to Routes 10 and 14C or 14S. The adverse effect on these two routes
can be measured by the cost involved. Route 10 is more remote than either 14C or
14S and would require some additional support facilities, sucl, ss roads. However,
it is close enough to the existing Canal Zone, Panama City and Colon, so that the
housing, personnel, utilities and other facilities now available to the existing canal
could be utilized to the fu!lest extent. Some additional transportation of personnel
would be required for Route 10 as compared to Route 14 (about 10 miles per
day). This would also involve another quarter hour of time for personnel living in
existing facilities to be away from home. This is not considered a serious matter
but might add a little to cost of labor.

The principal advantages in Route 10 over Routes 14 are two-fold; (I) that it is
sufficiently remote front the existing canal to remove the restrictions that would be
required for blasting and waterborne traffic on Routes 14, aad (2) that it permits a
wider choice of equipment systems. Route 14C requires the most wet excavation
with waterborne equipment. Route 14S requires less wet excavation but much
more than for Route 10, where all e'xcavation except the Atlantic and Pacific
approaches could be in tte dry. Alternatively, practically all of Route 10 could be
accomplished by barge haul if that ultimately was determined to be the cheapest.

In the Board's review of the cost of conventional excavation portions of Routes
17 and 25, we did not give any consideration to the additional cost of excavating
through the large masses of bltoken rock that would have to be excavated where the
convention',l exca-iated canal cornnects to the nuclear excavated canal. The costs of
this excavation might greatly exceed that of non-disturbed material. Although
allowances have been made in the estimates for the extra cost of excaiating this
broken material, there is no past experience that gives a firm basis for belng assured
of the costs involved.

8. ORGANIZATION AND MANAGEMENT OF THE CONSTRUCTION EFFORT.
To manage the constrition cf the canal, a new Government agency, not bound by
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tradition and present rules, should be established, drawing on personnel from the
Corps of Engineers, Naval Facilities Engineering Command, Bureau of Reclama-
tion, and outside sources.

The canal should be constructed by competitive unit price contracts, with
provisions covering escalation of costs and advance payment for equipment. By
proper advance planning, this can result in the use of the most efficient equipment
system.

In order to take advantage of the ingenuity of American contractors, the
equipment required for the job should be purchased and owned by the contractors
with advance payments being made to cover its cost, transportation and
installation. While some advantages would accrue in standardization if the
Government were to buy and own the equipment, this gain would be more than
offset by the loss in efficiency in a contractor being required to utilize equipment
that was not suitable to the job as units that lie might devise or procure.

9. TYPE OF CONTRACT. Because of the size of the contracts and the overall time
for constructing the project, it will be necessary to provide unusual features in the
contracts. Most contractors hesitate to enter into fixed price contracts that will
extend for more than a period of four or five years. The construction period for
the interoceanic canal will last 10 to 14 years in addition to the two years required
for equipment procurement. The objection to long term fixed price contracts may
be alleviated by providing for escalation of labor and material costs and/or by
providing for renegotiation at the end of five or six years. One type of contract
that we believe would be suitable to the construction industry would provide for
(a) operations during the entire equipment procurement and construction period;
(v:) firm prices for a four-year period from date of contract (although escalation

from start of construction would reduce the contingency and might lower
c,;qts);

(c) paymnent for equipment, freight and erection as costs are incurred by the
contractor;

(d) escalation payments to cover 90% of increased costs of labor, materials and
supplies after the first four years of the -ontract.

Another type of contract could requile firm prices for a fixed period, after
which the contract would be renegotiated on the basis of proven increases in cost
due to escalation and possibly other factors. If a price satisfactory to all parties
could not be negotiated, the Government agency would take over the contractor's
equipment on a predetermiined basis and re-advertise for the completion of the
work.

For any type of contract the Government agency in charge should require the
bidder to list in detail the major items of plant, equipment and plan of operation to
be used with the requirement that there be no changes unless such changes are
approved by the agency. The agency should reserve the right to award the contract
to other than the low b' tder if it is not satisfied with the system proposed by the
low b-dder. Prequalification of bidders should be considered.

10. CONTRACT PACKAGES AND THEIR SIZE: Construction of housing, roads,
utilities, power supply, docks and other support facilities should be let by separate
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contract at as early a date as possible after it is decided to proceed with
construction of the canal. These contract awards should be followed as soon as
possible by the letting of the major earthwork contracts so as to allow for as much
time as possible to procure plant and equipment.

In order to give the smaller contractors a chance to obtain a portion of the work,
the shovel and truck operations planned for the upper levels in the Continental
Divide section of the canal should be broken down into the smallest sizes that the
agency befieves can be effectively admninistered. (The size of these packages would
be in the $5-20 million range.) However, a number of th-se smaller packages should
be let at the same time with the bidders being given ar, opportunity to tie together
any number of the packages they may want to accert, if by so doing the price is
lower than would be the case if the packages were let separately. Presumably most,
if not all, of the smaller contracts would be for a relatively short construction
period and it might not be necessary to provide for eicalation or renegotiation.

Dredging might be let in small individual packages but in order to attain the
lowest costs any small packages should be bid simultaneously so that bidders could
tie together as much as they would want to accept in order to give the best pri.e.

In order to take advantage of large equipment the major part of the work,
presently scheduled to be accomplished by shovel and rail or shovel, dragline and
barge haul, must be let in as large packages as is possible without eliminating the
desirable competition. Although not many contractors are able to bid on jobs in
the $100-400 million range, recent years have seen contractors forming joint
ventures to bid on jobs in excess of $400,000,000 (Tarbella Dam). The Board
believes that there would be adequate competition if the work packages were kept
under $500 million (1970 dollars). This is particularly true if the contractor is
relieved of the financial burden of the plant and equipment as recommended
herein. If the design cf the canal involves required fill as well as excavation, the fill
must be tied to the excavation from which it will come, in a single package.

I1. ADVANCE PLANNING, AUTHORIZATION AND APPROPRIATIONS. Advance
planning will require appropriations of funds before construction funds are
required. These should be made available at an early date.

Before construction starts, the Congress should give assurance that appropria-
tions will be made in sufficient amount and over a sufficient period of time so as to
permit construction of the canal by the use of the most efficient equipment
systems and economical contractual arrangements.

The estimates of cost above referred to are predicated on adequate financing to
meet the requirement of the work program. Delay in the planning sequence will
levelop an inordinate increase in costs.

We recommend that during the precontractual stage the planning agency
convene at least three nationwide conferences of contractors, equipment suppliers,
and other interested parties for the purpose of familiarizing them with the project
and its problems. The conferences spaced six months or more apart should be
carefully organized and skillfully conducted over a period of two days or more.

The Board of Consultants on Conventional Earthwork Construction Methods trusts that
this report will be of assistance in the determination of the route and constructior
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management of the Interxoceanic Canal. Representatives of the Construction Industry
welcome the opportunity of participating in the development of projects such as the
interoceanic canal as it gives ar opportunity to present its views and thereby assist the
Government in arriving at the best solution to its problem. A wealth of Lonstrizction
knowledge and experience is available for the asking. The Board considers it a p ;vilege to
have been given an opportunity to express its views to the Commission.

Rpetully submitted:

L. Garland Everist

Grant P Gordon.

[i. rono-v-an-Yfobs-
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ROUTE 15 ENVIRONMENTAL IMPLICATIONS STATEMENT

Environmental Statement Pursuant to National Environmental Policy Act of 1969 (P.L.
91-190), Section 102(2) (C) for Modification of Panama Lock Canal.

Project description: The plan for modernization and expansion of the Panama lock
canal is designed to improve upon the capability of the present facility by increasing
capacity, updating operations and maintenance characteristics and reducing its vulnerability
to military attack or sabotage. The need for such improvements is indicated by the
limitations of the present canal. In 1970 there were approximately 1,300 ships afloat, under
construction or on order which could not pass through the existing locks under any
conditions. Approximately 1,700 others could not pass through fully laden. An even more
serious limitation is that part of the route is above sea level, and a considerable volume of
water is required for the operation of the locks needed to raise and lower the ships during
passage. The steady increase. in transits, now over 15,000 per year, points out the need for
providing more lockage water. Recycling lockage water or pumping seawater must begin
within the next several years, undoubtedly before a sea-level canal would be built. As the
demand increases, the average transit time will also increase, causing expensive delays.
Projections of the , ostwar demand rate indicate that the number of ships desiring to use the
canal would exceed 19,000 per year before the year 2000.

The Panama Canal runs generally in a northwesterly direction from Balboa on the
Pacific coast to Cristobal on the Atlantic. The Miraflores Locks, a double-lift twin-lock
structure which raises vessels 54 feet from the level of the Pacific Ocean to Miraflores Lake,
are about 6 miles inland from the Pacific. Pedro Miguel Locks, a single-lift twin-lock
structure at the other end of this 1-mile-long lake, raises vessels to Gatun Lake at elevation
85 feet. From these locks the canal passes directly into Gaillai, Cut, which extends for 8
miles through the Continental Divide. From the cut's normi end near Gamboa, the canal
follows a 23-mile irregular course through Gatun Lake to avoid islaiaAs and peninsulas. At
the north end of the lake are the Gatun Locks, triple-lift twin-locks whiwhi lower vessels to
sea level about 2 miles inland from Limon Bay. The total length of the Panpama Canal,
including approaches, is 48 miles. The 12 lock chambers are 1,000 feet long, 110 Itet wide
and have limiting depths of 40 feet over the sills. T1. nunimum navigation prism is 500 ftet
wide by 42 feet deep, with about 3 additional feet of overdepth. The existing facilities will
accommodate ships up to about 65,000 dwt.

The plan developed for an improved lock canal incorporates the most desirable features
of previously proposed lock canal plans. Provision was made for transiting I 50,000-dwt
ships and flatter excavation slopes were assumed than those of earlier designs. This plan calls
for adding a lane of triple-lift locks to the existing 2 lanes at Gatun, and constructing a
separate lane of triple-lift locks at Miraflores to raise 150,000-dwt ships into a bypass
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around Pedro Miguel at the level of Gatun Lake. It has the advantage of permitting
continued operation of all existing locks throughout their useful lives and could
accommodate 35,000 transits per year. When the existing locks could no longer be used
economically their replacement could be accomplished with minimum interference to traffic
and would consolidate all three lifts on the Pacific side at Miraflores, raising Miraflores Lake
to the level of Gatun Lake.

An improved lock canal would have the inherent handicap of requiring extremely large
quantities of lockage water. This requirement can be met by pumping ocean water into
Gatun Lake, or possibly by recirculating fresh water. The first method would render Gatun
Lake brackish, thus changing some ecological characteristics of the area, while the second
would involve unusual engineering problems. Both methods would entail costly pumping
operations.

Construction would interfere with traffic through the Gaillard Cut, Miraflores Lake,
and Pedro Miguel and Miraflores Locks.

The construction effort involved would be about evenly divided between lock
construction and channel excavation. The new locks would take advantage of the Third
Locks excavations made in 1940-1942. Excavation would be accomplished mainly by dipper
dredges and spoil would be removed in scows. Construction would take about 10 years and
cost about $1.5 billion. Additional costs would be incurred when the existing locks require
replacement.

The authority for this study was established by PL88-609 on 22 September 1964, with
a basic charge to create a Commission to investigate, study and determine a site for the
construction of a sea-level canal connecting the Atlantic and Pacific Oceans. The date of the
Commission's report to the President, as amended by PL. 90-359 on 22 June 1968, is 1
December 1970.

The environmental setting without the pr.,jcct: The narrowest part of the kmerican
Isthmus lies in and adjacent to the existing Panama lock canal. It is also the area of lowest
topography. The isthmus at this point runs nearly east and west and at its narrowest point is
about 40 miles in width (between Limon Bay on the Atlantic and the Gulf of Panama on
the Pacific). The Continental Divide roughly parallels the Pacific coast, about 10 miles
inland. Local hills in the divide in this area rise to about elevation 1,200 feet. A secondary
divide at a lower elevation parallels the Atlantic coast. It was geologically pierced by the
Chagres River at Gatun, but the original gap has becn closed by Gatun Locks and Dam. The
drainage area of Gatun Lake lies between the two divides.

The existing Panama Canal has been constructed across the narrowest portion of the
isthmus generally following the river valleys. The Canal Zone is a strip of land across the
Isthmus of Panama extending generally 5 miles on each side of the centerline of the canal. It
includes also the area- ;ontained within the 100-foot contour around Gatun Lake and the
260-foot contour around Madden Lake, but excludes the cities of Panama and Colon.

Panama's population centers, Panama City (population 415,000) and Colon (population
85,000), are situated at the ends of the Panama Canal and linked by a railroad and a two-lane
highway. Both cities have available the excellent harbor facilities of the Panama Canal
Company at Cristobal on the Atlantic side and Balboa Harbor on the Pacific.
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The geology of the divide area is complex and characterized by wid&' variations over
short distances between competent rock and materials of very low strength. The terrain on
the Pacific side, which includes the Continental Divide, is dominated by conical hills capped
by basalt or agglomerate and surrounded and underlain by weak sedimentary and
pyroclastic rocks. Materials in the central sector of this area vary from clay shales and soft
altered volcanics to relatively strong sandstone basalts. The ridges of the Atlantic coast
consist of medium hard sandstones.

Ihe Canal Zone has a typical low-latitude tropical climate. Temperatures are
moderately high, averaging about 80 degrees, and rarely exceeding the extremes of 65 and
95 degrees. Relative humidity varies with rainfall. Annual average humidity is about 80
percent and has an average variation from 75 percent in the dry season to 90 percent during
the wet season. The Atlantic coast generally experiences higher winds and almost twice the
precipitation of the Pacific coast. Annual migration northward in the spring and southward
in the fall of the northeast tradewinds and doldrums divides the year into well-defined wet
and dry seasons. The dry season is normally from mid-December to mid-April and the wet
sea.;on the other eight months. October and November have the highest precipitation with
rain occurriag nearly every day. Seasonal changes may vary as much as one month either
way. High-intensity thunderstorms have occurred in every month except February.

The Atlantic and Pacific marine species are closely related, even though few are
identical. This condition reflects the fact that these oceans were united until recent
geological time, probably three to four million years ago. In general, the Atlantic ecosystems
provide more habitat diversity than the Pacific. The differing adaptations and competitive
abilities of the biota reflect the differences in environment on either side of the Isthmus.

The Atlantic coastal environment would generally be characterized as mild and constant
compared to relatively rigorous and variable features on the Pacific coast. The Pacific
undersea slopes are very gently sloping with the 10-fathom isobath varying between 5 to 7
miles offshore. The Atlantic shelf is much steeper with very little area less than 5 fathoms
deep.

The Pacific tide is semidiurnal with a maximum range of about 21 1 feet and a mean
range of about 1217 feet. The Atlantic tide is very irregular with a maximum range of about
2 feet and mean range of about 1 foot.

The Atlantic waters exhibit a narrow temperature range for depth and season compared
to the slightly cooler Pacific. While the salinities at the Pacific end of Route 15 may
approach those of the Caribbean during the dry season, wet season salinities are 4 to 6
percent lower.

Turbidity of Pacific waters tends to be higher than that of the Atlantic. Its nutrient
content, benthic biomass and primary productivity are also higher. Food chains are longer in
Atlantic ecosystems.

The environmental impact of the proposed action: The proposed plan will produce two
prime environmental conversions. One modification involves altering Gatun Lake by
pumping in seawater to increase the supply of lockage water. This would render the lake
slightly saline and modify its ecology considerably.

Excavations would produce spoil that would have to be placed in adjacent forested
areas with a resulting regression in successional status. The rate of biotic development would
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be largely determined by the fertility and diversity of the spoil. Igneous material from deep
excavations would resist weathering and would be expected to require many ars before
reestablishment of mature plant communities. Due to differences in geologic ongin of spoil
as well as differences in regional and internal drainage, paent material weathering history
and successional status, returning plant and animal communities would not be fully identical
to the original ones.

Associated with the environmental conversions and the attendant construction activities
are additional environmental impacts. Hard rock haul roads and access roads would modify

considerable terrain through surfacing and clearing. The increased size and number of ships
and the increased salinity of Gatun Lake would allow increased passage of ocean biota
through the canal in ballast water, attached to ship hulls or by being locked through.

Any adverse environmental effects which cannot be avoided should the proposal be
implemented: Project construction would commit areas of land and water to the
environmental conversions previously discussed. Existing flora and habitats would be
eliminated through these changes while fauna would be either displaced or eliminated
depending on its specific nature.

Hydraulic and dry spoil placed in forested areas would result in destruction of
vegetation, burial of detritus layers of the soil and increased sediment load on the region's
waterways. This has the effect of regressing successional stages to less diverse, less
productive, and thus less stable ecosystems. Unvegetated spoil areas may be considered by
some to present a stark contrast (aesthetically) to the lush tropical vegetation of the region.

As increasing quantities of seawater are introduced into Gatun Lake, manyof the plant
and animal species would be expected to be eliminated.

Alternatives to the proposed action: The alternatives of location and nmthod o'
construction have been narrowed down to Routes 10 (Chorrera-Lagarto, Panama), 14
(Panama Sea-Level Conversion) and 25 (Atrato-Truando, Colombia). All routes involve
concerns of mixing biota from the two oceans through sea-level construction. Similarly,
these alternatives present greater modification of environment through more extensive
excavation, spoil disposal and associated stream diversion and flood control structures.

Routes 10 and 14 are comparable in terms of environmental impacts but Route 14 has
the disadvantages of interfering with operation in the present canal during construction and
eliminating it at the time of its completion. Route 25 is about twice their length, and
requires a much greater volume of excavation. Nuclear excavation on this rotvt', introduces
the concerns of radionuclide transfer and accumulation: genetic alteration if organisms;
airblast, ground shock and ejecta damage; and the need for human evacuation and exclusion
during excavation and for many months thereafter. All these sea-level routes would
accommodate more and larger ships than would an improved lock canal at an increased cost.

Panama's geographical setting is its greatest natural resource, one which can be
exploited indefinitely without being expended. The short-term goal of i~creasing canal
capacity will serve a long-range goal of general economic development without significant
ecological concern.

V-C-4



The relationship between local short-term uses of man's environment and the
maintenance and enhancement of long-term productivity: An interoceanic canal already
exists in Panama and the development of the region deends primarily upon it. Plans are
underway to increase its capacity by pumping seawater into Gatun Lake for increased
lockages. Construction of the proposed major modifications to the canal will change only
the rate of environmental evolution in the region.

Any irreversible and irretrievable commitments of resources which would be involved in
the proposed action should it be implemented: The loss of the flora, fauna and habitats of
the construction areas and spoil disposal sites would be inherent in the project. More rapid
salinization of Gatun Lake would occur with probably deleterious effects on some of the
lacustrine ecology.

ROUTE 10 ENVIRONMENTAL IMPLICATIONS STATEMENT

Environmental Statement Pursuant to National Envirow faental Policy Act of 1969 (P.
L. 91-190), Section 102(2)(C) for an interoceanic sea-level canal across Panama.

Project description: Route 10 is the designation given to a proposed sea-level canal to
be constructed by conventional techniques along a 53-mile route adjacent to the Canal Zone
region of central Panama. This project is designed to improve upon the capability of present
Isthmian transit by increasing capacity, updating operations and maintenance characteristics
and reducing vulnerability to military attack or sabotage. The need for such a canal is
indicated by the limitations of the present facility. In 1970 there were approximately 1,300
ships afloat, under construction or on order which could not pass through the existing locks
under any conditions. Approximately 1,700 others could not pass through fully laden. An
even more serious limitation is that part of the route is above sea level, and a considerable
volume of water is required for the operation of the locks needed to raise and lower the
ships during passage. The steady increase in transits, now over 15,000 per year, points out
the need for providing more lockage water. Recycling Iockage water or pumping seawater
must begin within the next several years, undoubtedly before a sea-level canal would be
built. As the demand increases, the average transit time will also increase, causing expensive
delays. Projections of the postwar demand rate indicate that the number of ships desiring to
use the canal would exceed 25,000 per year before the year 2000. A sea-level canal would
avoid these limitations and be less expensive to operate and maintain. Blockages by scuttled
ships or bomb-induced slides are likely to do no more than slow down passage of combat
/essels and medium size merchant ships, and could be removed relatively rapidly.

The Pacific terminus of Route 10 is at the town of Puerto Caimito at the mouth of the
Caimito River. The alinement heads northwesterly over the Continental Divide and Chorrera
Gap and across arms of Gatun Lake near La Laguna and Escobal. The route terminates at
the point where the Lagarto River joins the Cu-nibbean coast.

Most of the excavation along Route 10 would employ open-pit mining techniques,
using rail haul for spoil disposal. Truck haul wouid be used at higher elevations, while
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dredges would excavate the approach channels. Barrier dams would maintain Gatun Lake at
levels needed for operating the Panama Canal during construction, at the same time
permitting excavation at controlled water levels or in the dry. Muck underlying the sites of
these dams would be removed by hydraulic dredging, after which spoil from dry excavation
would be brought in to construct the embankments.

Diversion of streams on Route 10 would be relatively simple because their drainage
basins are small. Most streams would be diverted into the Caribbean Sea, t, e Caimito River
would be the only stream of consequence to discharge into the canal.

Because construction and operation of Route 10 could be supporlzd largely from
existing facilities in thi' Canal Zone and the metropolitan area of Panama, supporting
construction requirements would be minima!. Required items would include a transisthmian
highway crossing Gatun Lake over the barrie- dams; breakwaters on the Caribbean coast; a
jetty on the Pacific; and a high-level bridge over thc canal.

Reduction of tidal current velocities within the canal would require the use of tidal
checks. Under a 2-knot current limitation, expansion beyond the minimum design capacity
would require construction of a bypass. The alinement is wvell suited for a centrally located
bypass, excavated through the Gatun Lake reach.

The relatively short length of Route 10 and the high Pacific tides would cause currents
greater than 2 knots in an unrestricted channel for short periods of almost every tidal cycle.
Unless experience proves that ships can transit safely in curirents faster than 2 knots,
continuous use of tidal checks would be required. This would set capacity at 38,000 transits
per year.

Physical conditions at either end of the alinement are not favorable to shipping. On the
Atlantic side, breakwaters would be necessary to overcome the lack of natural protection.
The Pacific offers more protection but the approach channel would have to be dredged
about 15 miles into the Gulf of Panama. Both approaches would be dredged to 85- by
1,400-foot dimensions.

The design channel would cost about $2.88 billion and take 14 years to construct,
i icluding 2 years for preconstruction design. Inclusion of a centrally located bypass section
would raise construction costs to about $3.3 billion.

The authority for this study was established by P.L. 88-609 on 22 September 1964, with
a basic charge to create a Commission to investigate, study and determine a site for the
construction of a sea-level canal connecting the Atlantic and Pacific Oceans. The date of the
Commi!,sion's report to the President, as amended by P.L. 90-359 on 22 June 1968, is I
December 1970.

The environmental setting without the project: The alinement of Route 10 lies in the
narrowest part of the American Isthmus adjacent to the existing Panama lock canal. It is
also thlz area of lowest topography. The isthmus at this point runs nearly east and west and
at its narrowest point is about 40 miles in width (between Limon Bay on the Atlantic and
the Gulf of Panama on the Pacific ). The trace for the route begins at the vdllage of Lagarto,
about 15 ndles west of Colon on the Atlantic coast, and extends southeasterly over a range
of low hills lying parallel to the coast. This minor divide was geologically pierced by the
Chagres River at Gatun, but the original gap has been closed by the Gatun Locks and Dam.
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The drainage area of Gatun Lake lies between this range and the Continental Divide that
parallels the Pacific coast.

Route 10 crosses arms of Gatun Lake near the towns of Escobal and La Laguna before
passing through the divide at Chorrera Gap. It continues south through generally open,
rolling terrain crossing the Pan American Highway about 3 miles northeast of La Chorrera.
The Pacific terminus of the route is at the town of Puerto Caimito at the mouth of the
Caimito River.

The area is relatively undeveloped. The coastal towns are accessible by highways but
interior roads are poor to unusable in the rainy season. Gatun Lake in conjunction with the
present lock canal provides limited water access to a portion of the route. The area between
the Pacific Ocean and Gatun Lake is generally rolling country while the area between Gatun
Lake and the Atlantic is quite rugged. The area is sparsely populated and devoted to
small-scale farming and livestock production.

The Panama climate is a typical low-latitude tropical climate. Temperatures are
moderately high, averaging about 80 degrees, and rarely exceeding the extremes of 65 and
95 degrees. Relative humidity varies with rainfall. Annual average humidity is about 80
percent and has an average variation from 75 percent in the dry season to 90 percerit during
the wet season. The Atlantic coast generally experiences higher winds and alm ,st twice the
precipitation of the Pacific coast. Annual migration northward in the spring and southward
in the fall of the northeast tradewinds and doldrums divides ihe year into well-defined wet
and dry seasons. The dry seasor normally from mid-December to mid-April and the wet
season the other eight months. October and November have the highest precipitation with
rain occurring nearly every day. Seasonal changes may vary as much as one month either
way. High-intensity thunderstorms have occurred in every month except February.

The region of Route 10 is characterized by four main physiographic provinces. The
Pacific littoral swamp province extends inland at the lower elevations of the major streams
wht,.e subsidence of the stream valleys has caused deposition of stream loads forming thick
deposits cof mack. Igneous complex areas extend from the southern shores of Gatun Lake
southward to the swamps of the Pacific shore. The topography is typically steep and rugged
at elevations of over 400 feet above sea level. Maximum relief of about 1,200 feet is
developed in this rough and irregular terrairn. Igneous complex areas are characterized by
steep gullies with irregular patterns. The upper portions of hilts consist of hard basalJs and
agglomerates. A stratified rock province extends from the Atlantic littoral swamps and
lowlands along the Atlantic coast to the southern shore of Gatun Lake. The province is
composea of stratified sediments forming a young co. ,i plain which gently dips toward
the Atlantic Ocean. The Atlantic littoral swamps and lowland comprise portions of Caho
Quebrado, the ChaL-es, Trinidad, and Gatun River Valleys with associated inland and coastal
swamp areas. Thick deposits of silt and organic material are intermingled with Pleistocene
marine sediments in these valleys.

The Atli tic and Pacific marine species in the vicinity of the route are closely related,
even though few are identical. This condition reflects the fact that these oceans were united
until recent geologica! time, probably three to four million years ago. In general, the
Atlantic ecosystems provide more habitat diversity than the Pacific. The differing
adaptations and competitive abiliti6s of the biota reflect the differences in environment on
either side of the Isthmus.
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The Atlantic coastal environment would generally be characterized as uild and constant
compared to relatively rigorous and variable features of the Pacific coast. T'ie Pacific
undersea slopes are very gently sloping with the 10-fathom isobath varying between 5-7
miles offshore. The Atlantic shelf is much steeper with N "ry little area less than 5 fathoms
deep.

The Pacific tide is semidiurnal with a maximum range of about 21.1 feet and a mean
range of about 12.7 feet. The Atlantic tide is very irregular with a maximum range of about
2 feet and mean range of about 1 foot.

The Atlantic waters exhibit a narrow temperature range for depth and season compared
to the slightly cooler Pacific. While the salinities of the Pacific end of Route 10 may
approach those of the Caribbean during the dry season, wet season salinities are 4 to 6
percent lower.

Turbidity of Pacific wate.s tends to be higher than that of the Atlantic. Its nutrient
content, benthic biomass and primary productivity are also higher. Food chains are longer in
Atlantic ecosystems.

The eivironmental impact of the proposed action: The proposed plan would produce
several prime environmental conversions. Canal construction would convert a 5-mile
segment of the Chorrera upland ecosystems, a 5-mile strip of the Colon Province upland
ecosystems and segments across about 40 miles of semi-agricultural i'pland ecosystems to
more complex systems containing terrestrial, canal and contact zone components. Similarly,
diversion channels for Cano Quebrado and the Trinidad/Ciri Rivers would modify two 5- to
10-mile s ,gments of semi-agricultural ecosystems.

Much of the hydraulic and dry spoil wo-uld be placed in adjacent forested areas with a
resulting regression in successional status. The rate of biotic development would be largely
determined by the fertility and diversity of the spoil. Igneous material from deep
excavations would resist weathering and would be expected to require many years before
reestablishment of mature plant communities. Due to differences in geologic origin of spoil
as well as differences in regional and internal drainage, parent material weathering history
and successional status, the returning plant and animal communities would not be fully
identical to the original ones.

Barrier dams across segments of Gatun Lake would be required to permit control of
water levels within work areas. These structures, measuring 2000 feet wide at their crests,
would require prior excavations of about 50 feet of muck to provide a firm base. The lake

would be reduced by the area of the structures and subdivided into four separate bodies of
water.

Associated with the environmental conversions and the attendant construction activities
would be additional environmental impacts.

Hard rock haul roads, access roads and railroad rights-of-way would modify
considerable areas of terrain through surfacing and clearing.

Canal construction would create an additional barrier to overland movement and
migration of .'nan and wildlife. The salinity of the canal waters coupled with steep banks in
areas of hard rock excavation would be expected to create an effective obstacle.

The estuarine ecosystems at the ends of the canal would be considerably altered by ihe
changes in salinity, temperature, turbidity and currents. This modification would act to
increase the present diversity of aquatic organisms.
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Breakwaters at the Atlantic canal entrance and a jetty at the Pacific entrance would be
expected to modify shore currents and littoral drift.

The creation of an unobstructed sea-level canal would greatly amplify the nsovenment
between oceans of marine and estuarine life beyond that now passing through the Panama
Canal. Such transfer would occur by organisms actively swimming or drifting through the
channel, as well as being attached to ship hulls or carried in ballast tanks. There is a
reasonable probability that movement of some organisms will constitute new introduction
of biota. The likelihood of successful establishment of alien biota in either the ecosystems
of the Caribbean Sea or the Pacific Ocean is a subject of debate and is not predictable at the
present state of knowledge.

Any adverse environmental effects which cannot be avoided should the proposal be
implemented: Project construction would commit considerable areas of land and water to
the environmental conversions previously discussed. Existing flora and habitats would be
eliminated through these changes while fauna would be either displaced or eliminated
depending on its specific nature.

Hydraulic and dry spoil placed in forested areas would result in destruction of
vegetation, burial of detritus layers of the soil and increased sediment load on the region's
waterways. This would have the effect of regressing successional stages to less diverse, less
productive, and thus less stable ecosystems. Unvegetated spoil areas might be considered by
some to present a stark contrast (aesthetically) o the lush tropical vegetation of the region.

The migration of biota from one side of the Isthmus to the other would be possible
through a sea-level canal; however, the probability of transfer and subsequent effects are not
reasonably predictable at present. The prime concern would be for the successful
establishment of an undesirable organism with the interrelated possibilities for elimination
of critical native biota. Such elimination is visualized through exotic parasite introduction,
sterile progeny produced from interbreeding, new predator introduction and merely by the
injection of related but more competitive organisms. Since neither the probability of transfer
and establishment nor the eventual consequences of "mixing" is assessable for any given
class of organisms, it is impossible to categorically state that undesirable introductions can
be avoided. There is, however, a justifiable confidence that if pre-construction/pre-operation
research indicates a need for a biotic barrier, such a barrier can be imptemented utilizing
bio-regulators like salinity or temperature.

Alternatives of the proposed action: The alternatives of location and method of
construction have been narrowed down to Routes 14 (Panama Sea-Level Conversion) and 25
(Atrato-Truando, Colombia). Route 14 is comparable to Route 10 in terms of environ-
mental impaý,ts but has the disadvantages of interfering with the present canal during
construction and eliminating it as a useful facility. Route 25 is about twice the length, and
requires a much greater volume of excavation than Route 10. Nuclear excavation on this
route introduces the concerns of radionuclide transfer and accunmulation; genetic alteration
of organisms; airblast, ground shock and ejecta damage; and the need for human evacuation
and exclusion during excavation and for many months thereafter.

Another alternative to the proposed action is to recommend against a sea-level canal.
This would forego the national defense and shipping benetits of the waterway and permit
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both these factors to became major concerns for the present canal in the near future.
Overland highways and pipelines would likely be constructed if expanded facilities are not
developed. This might have the effect of transferring major environmental concerns from
the marine environment to the terrestri.0 environment. The alternative of modifying the
present canal has the obvious disadvantage of impeding traffic during the construction
period.

The relationship between local short-term uses of man's environment and the
maintenance and enhancement of long-term productivity: Considering the interdependence
of the components and organisms of an ecosystem, the elimination of a critical species
could potentially have far-reaching consequences-to include affecting the long-term
productivity of a region. While it is unlikely that elimination of any species would occur
over the full extent of its range, the prospect cf ,;ven restricted :1imination is undesirable. It
is anticipated that pre-construction research would provide further ev1'.,ation of the need
for biotic barriers. Investigations to date have not established the need for such bwrrie~ys.

Areas of inferlile spoil would be slow to revegetate and provide balanced land us, While
the productivity of these sites would be low, the overall productivity of the region would
not be significantly affected.

Any irreversible and irretrievable commitments of resources which would be involved in
the proposed action should it b implemented: The loss of the flora, fauna and habitats of
the construction areas and spoil disposal sites would be inherent in the project.

The concern over the introduction and amplification of undesirable organisms through
a sea-level canal is an expression of a never-ending chain of unquantifiable risks. In this case,
regardless of the size of the research effort carried out in the immediate future on the
ecology of marine organisms, there will remain imposing areas of scientific ignorance. Thus a
certain risk of an irretrievable commitment of marine resources would remain with such a
project. Continuing research, coupled if necessary with &,propriate actions such as the
construction of barriers, would be expected to minimize these risks to a level acceptable to
those most affected by the consequences.

ROUTE 14 ENVIRONMENTAL IMPLICATIONS STATEMENT

Environmental Statement Pursuant to National Environmental Policy Act of 1969 (P.L.
91-190), Section 102(2)(C) for an interoceanic sea-level canal generally along the route of
the Panama Canal.

Project description: Route 14 is the designation given to a proposed sea-level canal to
be constructed by conventional techniques along a 53-mile route through the Canal Zone
region of central Panama. This project is designed to improve upon the capability of present
Isthimian transit by increasing capacity, updating operations and maintenance characteristics
and reducing vulnerability to military attack cr sabotage. The need for such a canal is
indicated by the limitations of the plrsent facility. In 1970 there were approximately 1,300
ships afloat, under construction or on order which could not pass through the existing locks
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under any conditions. Approximately 1,700 others could not pass through fully laden. An

even more serious limitation is that part of the route is above sea level, and a considerable
volume ot water is required for the operation of the locks needed to raise and lower the
ships during passage. The steady increase in transits, now over 15,000 per year, points out
the need for providing more lockage water. Recycling lockage water or pumpitig seawater
must begin within the next several years, undoubtedly before a sea-leVel canal would be
built. As the demand increases, the average transit time will also increase, causing expensive
delays. Projections of the postwar demand rate indicate that the number of ships desiring to
use the canal would exceed 25,000 per year before the year 2000. A sea-level canal would
avoid these limitations and be less expensive to operate and maintain. Blockages by scuttled
ships or bomb-induced slides are likely to do no more than slow down passage c.l combat
vessels and medium size merchant ships, and could be removed relatively rapidly.

The alinement of Route 14 is entirely within the Canal Zone and roughly parallels the
present lock capal. Construction of a sca-level canal along this route would preclude
continued operation of the existing facility.

Route 14 construction would require two principal excavation efforts: dredging across
Gatun Lake and cutting through the divide. Across Gatun Lake, deep dredging technique.;
would be employed, using hydraulic dredges for soft muck, dipper dredges for rock at
sb-"ow depths and barge-mounted draglines for rock below elevation +15 feet. Construction
plugs would keep the lake at its present level (+85 feet) to sustain operations in the Panama
Canal while this work is being accomplished. Scows would move excavated material to
underwater spoil areas in the lake. Much of this material would be used as fill in the
permanent flood control dams on either side of the alinement. Where practi-able, shovels
and large dump trucks would be employed to excavate the higher elevations. As the fin il
step of the construction phase, Gatun Lake would be drawn down and the sea-level canal
placed in operation. Pools behind the lateral flood control dams would be maintained at an
elevation of 55 feet.

Along the Route 14 alinement, about 80 percent of the material could be removed by
open-pit mining/rail haul methods; the remainder woulk he excavated by dip)per dredges and
hauled in scows to Gatun Lake and the Pacific Ocean.

Flood control and stream diversion involve no serious problems. The two major
reservoirs remaining in the Gatun Lake basin wouia be discharged into the Caribbean, one
through the spillway at Gatun, the other through a new outlet east of Cristobal, The Chagres
River would be diverted to the Pacific through the existing canal. Smaller streams in either
case would be channeled into the canal through inlet structures.

Costs of facilities to support construction and operation of Route 14 are affected by
the existing state of development within the Canal Zone. The necessary harbors,
communications, and utilities already exist and can be used as they are. Other facilities such
as channels and anchorages might have to be modified. In general, however, mobilization for
construction on this route would be relatively easy.

The project cost would be approximately $3.04 billion and would require nearly 16
year, to complete. Transiting capacity could be increased by extending the two-lane
Atlantic approach 9 miles acro•s Gatun Lake at an additional cost of about $430 million.

The authority for this study was established by P. L. 88-609 on 22 September 1964, with
a basic charge to create a Commission to investigate, study and deteimine a site for the
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constrlction of a seawhevel caral .'onywctiv the Atlantic and Pacific Oceans. The date of the

December 1970.

The environmental setting without the project: The alinement of Route 14 lies in the
narrowest part of the American Isthmus adjacent to the existing Panama lock canal and
entirely within the Canal Zone. It is also the area of lowest topography. The isthmus at this
point runs nearly east and west and at its narrowest point is about 40 miles in width
(between Limon Bay on the Atlantic and the Gulf of Panama on the Pacific). Route 14 lies
west of the existing canal on the Pacific side and east of it on the Atlantic, crossing the
existing channel near Gamboa at the southerly end of Gatun Lake. The existing canal,
railroad and highway provide good access. Towns at either ene. Panama City and Balboa on
the Pacific and Colon and Cristobal on the Atlantic, are available to support
the construction and operation and maintenance efforts. One major concern in the
construction and, to a lesser degree, operation and maintenance would be the effect of
construction on the stability of the canal slopes through the divide area. This area has a long
record of slope failure. Slides during the early life of the Panama Canal closed the canal for
exter.ded pefiods. While recent interference with canal operation has not occurred,
,ontinuing efforts to maintain stability are a necessity, even today.

The Canal Zone has a typical low-latitude tropical climate. Temperatures are
moderately high, averaging about 80 degrees, and rarely exceeding the extremes of 65 and
95 degrees. Rtative humidity varies with rainfall. Annual average humidity is about 80
percent and has an average variation from 75 percent in the dry season to 90 percent during
the wet season. The Atlantic coast generally experiences higher winds and almost twice the
precipitation of the Pacific coast. Annual migration northward in the spring and southward
in the fall of the northeast tradewinds and doldrums divides the year into well-defined wet
and dry seasons. The dry season is normally from mid-December to mid-April and the wet
season the other eight months. October and November have the highest precipitation with
rain occurring nearly every day. Seasonal changes may vary as much as one month either
way. High-intensity thunder-torms have occurred in every month except February.

The region of Route 14 is characterized by feur main physiographic provinces. The
Pacific littoral swamp province extends irnand at the lower elevations of the major streams
where subsiderce of the stream valleys has caused ueposition of stream loads fcrming thick
deposits of muck. Igneous complex areas extend from the southern shores of Gatun Lake
southward to the swamps of the Pacific shore. The topography is typically steep and rugged
at elevations of over 400 feet above sea level. Maximum relief of about 1,200 feet is
ceveloped in this rough and irregular terrain. Igneous complex areas are characterized by
stee- gullies with irregular patterns. Tue upper poft.ons of hills consist of hard basalts and
agglomerates. A stratified roc& pfovince extends from the Atlantic littoral swamps and
lowlands along the Atlantic coast to the southern shore of Gattn Lake. The province is
composed of stratified sedinients forming a young coastal plain which gently dips toward
the Atlantic Ocean. The ktlantic littoral swamps and lowlands comprise portions of Cario
Quebrado and the Chagres, Trinidad, and Gatun River Valleys with associated inland and
coastal swamp areas. Thick deposits of silt and organic material aie intermingled with
Pleistoce,-e marine sediments in these valleys.
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The Atlantic and Pacific marine species in the vicinity of the route are closely related,
ever. though few are identicAl. This condition reilects the fact that tht'se oceans were t:.nited
until recent geological time, probably three to four million years ago. In general, the
Atlantic ecosystems provide more habitat diversity thar. the Pacific. The differing
adaptations and competitive abilities of the biota reflect the differences in environment on
either side of the isthmus.

The Atlantic coastal environment would generally be characterized as mild and constant
compared to relatively rigorous and variable features of the Pacific coast. The Pacific
undersea slopes are very gently sloping with the 10-fathom isobath varying between 5 to 7
miles offshore. The Atlantic shelf is much steeper with very iitt le area less than 5 fathoms
de.

- >,,cific tide is semidiurnal with a maximum range of about 21.1 feet and a mean
a-,• aut 12.7 feet. The Atlantic tide is very irregular with a maximun. range of about

et 4, 1 ,ý,an range of about 1 foot.
The Atlantic waters exhibit a narrow temperature range for depth and season compared

to the slightly cooler Pacific. While the salinities of the Pacific end of Route 14 may
approacha those of the Caribbean during the dry season, wet season salinities are 4 to 6
percent lower.

Turbidity of Pacific waters tends to be higher than that of the Atlantic. Its nutrient
content, benthic biomass and primary productivity are also higher. Food chains are longer in
the Atlantic ecosystems.

The environmental impact of the proposed action: The proposed plan would produce
several prime environmental conversions. Canal construction would convert a 40-mile
segment of upland ecosystems, about half of which is semi-agricultural, to more complex
systems containing terrestrial, canal and contact zone components.

Much of the hydraulic and dry spoil would be placed in adjacent forested areas with a
resulting regression in successional status. The rate of biotic development would be largely
determined by the fertility and diversity of the spoil. Igneous material from deep
excavations would resist weathering and would be expected to require many years before
reestablishnment of mature plant communities. Due to differences in geologic origin of spoil
as well as differences in regional and internal drainage, parent material weathering history
and successional status, the r Jrning plant and animal commtnities would not be fully
identical to the original ones.

flood control dams across Gatun Lake on both sides of the sea-level canal would be
constructed to isolate the canal from the lake. These dams would subdivide the lake into
four ;eparate bodies of water. Lake water level would be drawn down from elevation 85 feet
to elevition 55 feet, thus converting over 100 square miles from a lacustrine ecosystem to
wetland and upland tropical ecosystems.

,-.sociated with the environmental conversions and the attendant construction activit'es
would be additional environmental impacts.

Hard rock haul roads, access roads and railway rights-of-way would modify considerable
areas of terrain through surfacing and ciearing.

Canal construction would create an additional barrier to overland movement and
migration of man 3nd wildlife.
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The estuarine ecosystems at the ends of the canal would be considerably altered by
changes in salinity, temperature, turbidi'j an6 curf'ents. This modification would ac* to
increase the present diversity of aquatic organisms.

The lowering of Gatun Lake would reduce the quantity and probably the diversity of
the lacustrine biota.

Construction of dams on the Trinidad/Ciri Rivers and Gatun River would slow
free-flowing streams and inundate segments of the valleys.

The creation of an unobstructed sea-level canal would greatly amplify the movement
between oceans of marine and estuarine life beyond that now passing through the Panama
Canal. Such transfer would occur by organisms actively swimming or drifting through the
channel, as well as being attached to ship hulls or carried in ballast tanks. There is a
reasonable probability that movement of some organisms would constitute new introduc-
tion of biota. The likelihood of successful establishment of alien biota in either the
ecosystems of the Caribbean Sea or the Pacific Ocean is a subject of debate and is not
predictable at the present state of knowledge.

Any adverse environmental effects which cannot be avoided should the proposal be
implemented: Project construction would commit considerable areas of land and water to
the environmental conversions previously discussed. Existing flora and habitats would be
eliminated through these changes while fauna would be either displaced or eliminated
depending on its specific nature.

Hydraulic and dry spoil placed in forested areas would result in destruction of vegetation,
burial of detritus layers of the soil and increased sediment load on the region's waterways.
This would have the effect of regressing successional stages to less diverse, less productive,
and thus less stable ecosystems. Unvegetated spoil areas might be considered by some to
present a stark contrast aesthetically to the lush tropical vegetation of the region.

The migration of biota from one side of the Isthmus to the other would be possible
through a sea-level canal; however, the probability of transfer and subsequent effects are not
reasonably predictible at present. The prime concern would be for the successful
establishment of an undesirable organism with the interrelated possibilities for elimination
of critical native biota. Such elimination is visualized through exotic parasite introdudtion,
sterile progeny produced from interbreeding, new predator introduction and merely by the
injection of related but more competitive organisms. Since neither the probability of
transfer and establishment nor the eventual consequences of "mixing" is assessable for any
given class of organisms, it is impossible to categorically state that undesirable introductions
can be avoided. There is however, a justifiable confidence that if pre-construction/pre-
operation research indicates a need for a biotic barrier, such a barrier can be implemented
utilizing bio-regulators like salinity or temperature.

Alternatives to the proposed action: The alternatives of location and method of
construction have been narrowed down to Routes 10 (Chorrera-Lagarto, Panama) and 25
(Atrato-Truando, Colombia). Route 10 is comparable to Route 14 in terms of environmental
impacts and has the advantage of not interfering with the operation of the present canal.
Route 25 is auout twice the length, and requires a much greater volume of excavation than
Route 10. Nuclear excavation on this route introduces the concerns of radionuclide transfer
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and accumulation; genetic alteration of organisms; airblast, ground shock and ejecta damage;
and the need for human evacuation and exclusion during excavation and for many months
thereaftir.

Another alternative to the proposed action is to recommend against a sea-level canal.
This would forego the national defense and shipping benefits of the waterway and permit
both these factors to become major concerns for the present canal in the near future.
Overland highways and pipelines would likely be constructed if expanded facilities are not
developed. This might have the effect of transferring major environmental concerns from
the marine environment to the terrestrial environment. The alternative of modifying the
presni cabial has the obvious disadvantage of impeding traffic during the construction
period.

The relationships between local short-term uses of man's environment and the
maintenance and enhancement of long-term productivity: Considering the interdependence
of the components and organisms of an ecosystem, the elimination of a critical species
could potentially have far-reaching consequences - to include affecting the long-term
productivity of a region. While it is unlikely that elimination of any species would occur
over the full extent of its range, the prospect of even restricted elimination is undesirable. It
is anticipated that pre-construction research would provide further evaluation of the need
for biotic barriers. Investigations to date have not established the need for such barriers.

Areas of infertile spoil would be slow to revegetate and provide balanced land use.
While the productivity of these sites would be low, the overall productivity of the region
would not be sig:-ificantly affected.

Any irreversible and irretrievable commitments of resources which would be involved in
the proposed action should it be implemented: The loss of the flora, fauna and habitats of
the construction areas and spoil disposal sites would be inherent in the project.

The concern over the introduction and amplification of undesirable organisms through
a sea-level canal is an expression of a never-ending chain of unquantifiable risks. In this case,
regardless of the size of the research effort carried out in the immediate future on the
ecology of marine organisms, there will remain imposing areas of scientific ignorance. Thus
certain risk of an irretrievable commitment of marine resources would remain with such a
project. Continuing research, coupled if necessary with appropriate actions such as the
construction of barriers, would be expected to minimize these risks to a level acceptable to
those most affected by the consequences.

ROUTE 25 ENVIRONMENTAL IMPLICATIONS STATEMENT

Environmental Statement Pursuant to National Environmental Polic, y Act of 1969 (P.L.
91-190), Section 102(2)(C) for an interoceanic sea-level canal a,-ross northwestern
Colombia.

Project description: Route 25 is the designation given to a proposed sea-level canal to
be constructed by a combination of conventional and nuclear techniques along a 103-mile
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route through the Choco Region of northwestern Colombia. This project is designed to
improve upon the capability of present Isthmian transit by increasing capacity, updating
ioperations and maintenance characteristics and reducing vulnerability to military attack or
sabotage. The need for ouch a canal is indicated by the limitatioi.3 of the present facility. In
1970 there were approximately 1,300 ships afloat, ander construction or on order which
could not pass through the existing locks under any conditions. Approximately 1,700 others
could not pass through fully laden. An even more serious limitation is that part of the route
is above sea level, and a considerable volume of water is required for the operation of the
locks needed to raise and lower the ships during passage. The steady increase in transits, now
over 15,000 per year, points out the need for providing more lockage water. Recycling
lockage water or pumping seawater must begin within the next several years, undoubtedly
before a sea-level canal would be built. As the demand increases, the average transit time will
also increase, causing expensive delays. Projections of the postwar demand rate indicate tuat
the number of ships desiring to use the canal would exceed 25,000 per year before the year
2000. A sea-level canal would avoid these limitations and be less expensive to operate and
maintain. Blockages by .cuttled ships or bomb-induced slides are likely to do no more than
slow down passage of combat vessels and medium size merchant ships, and could be
removed relatively oapidly.

Route 25 starts in Humboldt Bay on the Pacific coast of Colombia, approximately 200
miles southeast of Panama City. After crossing a narrow coastal strip, the alinement runs
eastward for about 10 mile' through the Choco Highlands which form the Continental
Divide. Turning to the northeast, the trace crosses the upper Truando Valley and the
Saltos Highlands and then parallels the Truando River to its confluence with the Atrato
River. From there it passes through the Atrato Lowlands for about 50 miles, entering the
Caribbean Sea at Candehar'a Bay in the Gulf of Uraba at a point 2 miles from deep water.

The plan for buildinig Route 25 assumes the feasibility of nuclear excavation in a
20-mile reach from the Pacific coast through the Continental Divide, the upper Truando
Valley, and the Satos Highlands. The design channel through this region would be over
1,000 feet wide and from 225 to 360 feet deep.

Nuclear excavation would require about 150 individual explosives detonated in 21
separate explosions. Detonations would be scheduled in two passes, the first requiring about
8 months and the second 6 months, with an interval of about 18 months to prepare for the
second pass. The largest single detonation would be 13 megatons: the total yield of all
explosives in the two passes would be about 120 megatons.

The exclusion area is about 3,100 square miles and has about 10,000 inhabitants.
Radiological surveys would be conducted continuously to determine when the area might be
reoccupied. Some portions of the area could be re-entered shortly after the last detonation:
however, it would probably be more practical to reoccupy the entire exclusion area
simultaneously 6 to 12 months after the last detonation. Conventional excavation of h
78-mile reach would begin at an elevation of about 300 feet in the Truando Valley, with
shovel excavation and truck haul used at elevations above 75 feet. Over 90 percent of the
conventiooal excavation would be at elevations lower than 75 feet and would be
accomplilhed by hydraulic dredging. The design channel would be 550 feet wide and 75 feet
deep at th- edges, with a parabolic bottom having a centerline depth of 85 feet. The
approach chanacls would be dredged to 85- by 1400-foot dimensions.
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Flood diversion measures would be extensive, since most of the Atrato River would
have to be discharged into Colombia Bay through a 1,000- by 50- foot diversion channel
east of the canal alinement. Bar.k revetment would be used to prevent meandering of the
realincd river and breaching of the separation between the dvesion channel and the canal.
A smaller but similar floodway west of the alinement would divert runoff from about 2,000
square miles of drainage area into Candelaria Bay. An inlet stnrcture and several diversion
channels, excavated with nuclear explosives, would be required to provide flood control and
river diversion along the nuclear reach of the canal.

Hydraulic dredges would begin work on the canal within the Atrato Floodplain early in
the construction period. During periods of nuclear operations, they would work at the north
end of the alinement.

Because of the general lack of development in this region, all facilities req..ired for
constructing and operating the canal would have to be pro,'ided. These would include L
transisthmian highway; harbor facilities; an all-weather airfield; administrative, maintenance,
and residential facilities; and bridge or ferry crossings.

Construction of a sea-level canal on this alinement, with a 28-mile bypass channel,
would cost approximately $2.1 billion ar.n take about 13 years.

The authority for this study was established by P.L. 88-609 on 22 September 1964,
with a basic charge to create a Commission to investigate, study and determine a site for the
construction of a sea-level canal connecting the Atlantic and Pacific Oceans. The date of the
Commission's report to the President, as amended by P.L. 90-359 or, 22 June 1968, is I
December 1970.

The environmental setting without the project: The American Isthmus in the
Atrato-Truando region of the Choco Province in northwestern Colombia is characterized by
extremes of high, rugged terrain within sight of low-lying swampland. The distance between
the Atlantic and Pacific is approximately 100 miles. The dominating terrain feature is the
Atrato River which flows through the r--them half of the region from its confluence with
the Truando River to the Gulf of Ura, the Atlantic. The canal alinement would traverse
approximately 20 miles of mo.,ntainc ,rain through which there are passes at elevations
between 900 and 1,000 feet. The Curiche River has its headwaters in the Continental Divide
highlands and flows westward for about 20 miles before emptying into Humboldt Bay on
the Pacific.

The Atrato Valley is a low, broad swamp of post-miocene, unconsolidated alluvial
sediments. The Choco Highlands, which form the Continental Divide in this region, are high,
narrow ridges of uplifted volcanic rocks.

The area, except for the Atrato River Floodplain, is covered with a dense tropical
forest. Trees at higher elevations are short, closciy spaced evergreens with a continuous
interlaced canopy. Epiphytes and hanas are abundant throughout the tree crowns. Forests
of less-dense deciduous trees may be found at upper floodplain elevations. The Atrato
floodplain is covered with tall grasses, cane-like palms and shrubs that form almost
impenetrable thickets. Rivers are the primary means of natural access into the area.

The Atlantic and Pacific marine species in the vicinity of the route are closely related,
even though few are identical. This condition reflects the fact that these oceans were united
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until recent geological time, probably three to four million years ago. In general, the Pacific
estuarine ecosystem provides more habitat diversity than the Atlantic. The differing
adaptations and competitive abilities of the biota reflect the differences in environment on
either side of the Isthmus.

The Atlantic coastal environment would generally be characterized as mild and constant
compared to relatively rigorous and variable features of the Pacific coast. The ten-fathom
contour is two miles offshore on the Atlantic side while deep water is reached in one-half
mile at the Pacific coastal terminus. Average rainfall varies from 80 inches at the Gulf of
Uraba to 200 inches along the mountainous Pacific coast. The Atlantic tides are irregular,
with a mean range of 1.1 feet and a maximum of 2.9 feet. The Pacific tides are regular,
having a mean range of 8.4 feet and an estimated maximum range of 14.0 feet.

The Atlantic waters exhibit a narrow temperature range for depth and season comparea
to the slightly cooler Pacific. The salin'ty of Atlantic waters is lower and more stable than
the Pacific, reflecting higher fresh water inputs from surface runoff waters. Turbidity of
Caribbean waters tends to be higher than Pacific while its nutrient content, benthic biomass
and primary productivity are generally lower. Food chains are longer in the Atlantic
ecosystems.

The environmental impact of the proposed action: The proposed plan would produce
several prime environmental conversions. Canal construction would convert a 20-mile
stretch of upland ecosystems in the Choco-Saltos Highlands and an 80-mile reach of wetland
ecosystems of the Atrato Floodplain to more complex systems containing terrestrial, canal
and contact zone components.

Hydraulic spoil (alluvium, overburden, claystone) would be disposed of behind
spoil-retaining dikes creating extensive areas of upland ecosystems within the floodplain.
Successful invasion by upland vegetation would be relatively rapid.

Nuclear excavation would deposit spoil (primarily igneous materials with small amount
of sedimentary rock) in depths up to several hundred feet over an area extending np to 2
miles from the canal. It is predicted that the postexcavation topography will be
characterized by a high continuous ridge bounding the canal on either side and standing as
much as 500 ft above the present topography. These ridges would have steep slopes into the
canal and relatively gentle slopes away from the canal, phasing out and interfingering with
the zone of discontinuous ejecta. These ridges would intercept several large streams and
numerous lesser drainages. It may be anticipated that numerous artificial lakes would form,
varying in size from small to rather large. The calculations indicate that a large part of the
Nercua Valley might be inundated. If so, that area (about 16 sq mi) would be lost to
potential agricultural development or forest production. The headwaters of several small
streams would be buried or diverted by this material.

The effect of the ejecta would be to regress the area's successional status. The rate of
biotic development would be largely determined by the fertility and diversity of the spoil.

glneous material from deep excavations would resist weathering and would le expected to
require many years before reestablishment of mature plant coxa.!nunities. Due to differences
in geologic origin of spoil as well as differences in regional and internal drainage, parent
material weathering history and success.onal status, the returning plant and animal
communities would nct be fully identical te the original ones.
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Associated with the environmental conversions and the attendant construction activities
would be additional environmental impacts.

Hard rock haul roads, access roads and railroad rights-of-way would modify
considerable areas of terrain through sui'facing and clearing.

Canal construction would create an adlitional barrier to overland movement and
migration of man and wildlife. The salinity of the canal waters coupled with steep banks in
areas of hard rock excavation would be expected to create an effective obstacle.

The estuarine ecosystems at the ends of the canal would be considerably altered by
changes in salinity, temperature, turbidity and currents.

Nuclear excavation on this route introduces the concern of effects of radioactivity,
airblast, ground shock and ejecta on the environment; requiring the evacuation of the
hu, aan population from the area and its exclusion during excavation and for a number of
months thereafter.

The Truando, Nercua and Salado Rivers would be diverted to flow directly into the
canal. The Truando consequently would become much smaller downstream.

Extensive diversion channels would be excavated on both sides of the canal to
accommodate the flows of the Salaqui, Cacarica and Atrato Rivers. Spoil disposal in this
area would be behind levees and would raise extensive marsh areas several feet above sea
level. The high organic content of this material would aid its rapid revegetation to brush and
simll trees. The extent of forest development on these areas might be limited by the
root-firmivess of the fill. The economic value of this land would be enhanced.

The extcnsive stream diversions, flood control and filled land would alter the entire
hydrology and physical characteristics of much of the Atrato Floodplain. The effect on the
nearby estuaries would be detrimental. Changes in the frequency, depth and duration of
flooding w.ould alter (probably reduce) the nutrient and biotic contribution of the
marshlands to the coastal regions. Flora and fauna dependent on these supplies would
suffer.

The creation of an unobstructed sea-level canal would greatly amplify the movement
between oceans of marine and estuarine life beyond that now passing through the Panama
Canal. Such transfer would occur by organisms actively swimming or drifting through the
channel, as wel', as being attached to ship hulls or carried in ballast tanks. There is a
reasonable probability that movement of some organisms would constitute new introduc-
tion of biota. The likelihood of successful establishment of alien biota in either the
ecosystems of the Caribbean Sea or the Pacific Ocean is a subject of debate and is not
predictable at the present state of knowledge. Present knowledge does, however, permit the
mathematical modeling and estimation of many of the physical processes governing canal
transit by an organism.

Any adverse environmental effects which cannot be avoided should the proposal be
'mplemented: Project construction would commit considerable areas of land and water to
the environmental conversions previously discussed. Existing flora and habitats would be
eliminated through these changes while fauna would be either displaced or eliminated
depending on its specific nature.

Hydraulic and dry spoil placed in forested areas would result in destruction of
vegetation, burial of detritus layers of the soil and increased sediment load on the region's
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waterways. This would have the effect of regressing successional stages to less diverse, less
productive, and thus less stable ecosystems. Unvegetated spoil areas might be considered by
some to present a stark contrast (aesthetically) to the lush tropical vegetation of the region.

The migration of biota fomm one side of the Isthmus to the other is possible through a
sea-level canal; however, the probability of trnsfer and subsequent effects are not
reasonably predictable at present. The prime concern would be for the successful
establishment of an undesirable organishm with the interrelated possibilities for elimination
of critical native biota. Such elimination is visualized through exotic parasite introduction,
sterile progeny produced from interbreeding, new predator introduction and the injection of
related but more competitive organisms. Since neither the probability of transfer and
establishment nor the eventual consequences of "mixing" is assessable for any given class of
organisms, it is impossible to categorically state that undesirable introductions can be
avoided. There is, however, a justifiable confidence that if pre-construction/pre-operation
research indicates a need for a biotic barri,.r, such a barrier can be implemented utilizing
bio-regulators like salinity or temperature.

Nuclear excavation would require evacuation of all people from an area of about 3,100
square miles with subscquent exclusion until residual radioactivity would be reduced to
below acceptable levels. Because of low population density, there would be littie damage to
buildings or structure, from airblast, ground shock or ejecta. Explosions of the planned
magnitudc have a potential for triggering local earthquakes and earth slides. Such effects are
not considered likely. The flora and fauna within the exclusion area, however. would suffer
varying damage from effects of ejecta, airblast, ground motion and radioactivity.
Radionuclides which may be accumulated in the biota could potentially reach man through
native food chains (both terrestrial and aquatic). Tritium, occurring mainly -43 tritiated
water, would likely contaminate local surface and ground water supplies.

Alteration of the Atrato Floodplain by filling and diking would considerably change the
inland areas of the entire Colombia bay estuary. Effects such as altered and reduced nutrient
input to the estuaries could be detrimental to tesident biota.

Alternatives to the proposed action: The aiternative,; of location an,'" method of
construction have been narrowed down to Route 10(Chorrera-Lagarto, Panaina)and Route
14 ( Panama Sea-Level Conversion). Both routes have similar environmental impacts, but
Route 14 has the disadvantages of interfering with the present canal during construction and
eliminating it as a useful facility. Since these routes are excavated conventionally, the
environmental impacts related to nuclear excavation would not exist with these plans.

Another alternative to the proposed action is to recommend against a sea-level canal.
This would forego the national defense and shipping benefits of the waterway and permit
both these factors to become major concerns for the present canal in the near future.
Overland highways and pipelines would likely be constructed if expanded facilities are not
developed. This might have the effect of transferring major environmental concerns from
the marine environment to the terrestrial environment. The alternative of modifying the
present canal has the obvious disadvantage of impeding traffic during the construction
period.
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The relationship between local short-term uses of man's environment and the
maintenance and enhancement of long-term productivity: Considering the interdependence
of the components and orginisms of an ecosystem, the elimination of a critical species could
potentially have far-reaching consequences - to include affecting the Inng-termn productivity
of a region. While it is unlikely that "mixing" of biota would eliminate any species over the
full extent of its range, the prospect of even restricted elimination is undesirable. It is
anticipated that pre-construction research would provide further evaluation of the need for
biotic barriers. Investigations to date have not established the need for such barriers.

The pathways and effects of radionuclides incorporated in an ecosystem are not known
with certainty for detonations of the size programmed for canal excavation. Thus many
unknowns remain to be cleared before long-term productivity may be assured.

Nuclear excavation introduces a concern for the genetic alteration of organisms through
radiation effects. While the possibility of an undesirable mutation exists, it cannot be
assessed at the present state of knowledge.

Areas of infertile spoil would be slow to revegetate and provide balanced land use.
While the productivity of these sites will be low, the overall productivity of the region
would not be significantly affected.

Any irreversible and irretrievable commitments of resources which would be involved in
the proposed action should it be implemented: The loss of the flora, fauna and habitats of
the construction areas and spoil disposal sites would be inherent in the project.

The concern over the introduction and amplification of undesirable organisms through
a sea-level canal is an expression of a never-ending chain of unquantifiable risks. In this case,
regardless of the size of the research effort carried out in the immediate future on the
ecology of marine organisms, there will remain imposing areas of scientific ignorance. Thus
certain risk of an irretrievable commitment of marine resources will remain with such a
project. Continuing research, coupled if necessary with appropriate actions such as the
construction of barriers, would be expected to minimize these risks to a level acceptable to
those most affected by the consequences.

Water supplies, food chain organisms and ecosystem components will be subjected to
contaminating radiation witit a potential for genetic alteration. The state of our knowledge
does, however, permit the prediction of allowable dose estimates such that nuclear devices
could present a minimal likelihood of increasing the natur, l mutation rate of organisms.
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SUMMA4RY OF THE BATTELLE MEMORIAL INSTITUTE REPORT
ON POSSIBLE EFFECTS OF A SEA-LEVEL CANAL ON THE

MARiNE ECOLOGY OF THE AMERICAN ISTHMIAN REGION

Construction of a sea-level canal connecting the Atlantic and Pacific Oceans would
provide a new pathway for the intermingling of two marine biotas which have beeli
separated by the isthmian land bridge for one to three million years. Some interested
observers of sea-level canal feasibility studies have viewed this possibility with alarm, and
many suggestions or predictions of deleterious or catastrophic ecological consequences have
arleared in b'oth the scientific and the popular literature. Other interested parties, noting
that the passage of marine organisms through the present Panama Canal has had no adverse
effects on the Pacific or Atlantic Oceans, have argued that construction of a sea-level canal
would have virtually no detectable effect on the marine ecology of the Isthmian region. Still
others have called attention to the fact that constructionof a sea-level canal would constitute
a magnificent experiment and provide a great variety of unprecedented opportunities for
scientific studies. Our studies have led to the conclusion that present knowledge of the
marine ecology of the Isthmian region is not sufficient to permit anyone to predict, with
certainty, eithe,, the short-term or the long-term ecological consequences of a sea-level canal
construction. All we can do at present, on the basis of inadequate evidence, is to offer our
educated opinions oit the subject and to suggest further studies which would improve the
scien~tific basis for making the desired predictions with less uncertainty. In all probability
the basic question, "What would be the ecological consequences of connecting the Atlantic
and Pacific Oceans by means of a sea-level canal?", can be resolved only by empirical means.
"Until the scientific basis for considering this question has been improved by means of
pertinent field, laboratory, an~d theoretical s,'udieý, it is likely to remain unresuilved and
controversial.

This preliminary study was undertaken to: (1) summarize existing information
concerning the marine ecology and physical oceanography of the Isthmian region, (2)
d, scribe the marine habitats and biotic communities on both sides of the Isthmus, (3)
dcvelop preliminary mathematical models to :nulate the physical and biological mixing
processes that could take place through a sea-level canal, (4) predict the possible economic
and ecological consequences of these processes, and (5) recommend further field,
laboratory, ad modelin'z studies needed to improve such predictions.

On the basis of the limited ecological information currently available we are unable to
predict precisely the specific ecological consequences of marine mixing via a sea-level canal.
Preliminary modeling studies indicate that the net flow of water would be from the Pacific
to the Atlantic. This would result in mino., envi'cnmental changes near the ends of the canal
and near the shore to the east of the Atlantic terminus. Passive migration of planktonic
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organisms would occur almost entirely in the same direction. Active migration of nekton
could occur in either direction, but environmental conditions in the canal would favor
migration from the Pacific to the Atlantic. We have found no evidence for predicting
ecological changes that would be economically deleterious to commercial, sport, or
subsistence fisheries. We have found rno firm evidence to support the prediction of massive
migrations from one ocean to another followed by widespread competition 'nd extinction
of thousands of species.

Evidence currently available appears to indicate a variety of barriers to migration of
specieýs from one ocean to another and/or the subsequent establishment of successful
breeding colonies in the latter. Environmental conditions in the canal wouid constitute
barriers to the migration of both plankton and nekton, and the effectiveness of these
barriers could be enhanced by engineering manipulations of freshwater inputs to the canal
and other artificial means. The marine habitats and biotic communities at the opposite ends
of most proposed sea-level canal routes are strikingly different. Where similar habitats do
occur on both sides of the Isthmus, they are already occupied by taxonomically similar or
ecologically analogous species. These differences in environmental conditions on the two
sides of the Isthmus and the prior occupancy of similar niches by related or analogous
species would constitute significant deterrents to the establishment and ecological success of
those species which may manage to get through the canal.

It is highly improbable that blue-water species like the sea sn-ke and the crown-
of-thorns starfish could get through the canal except under the most unusual circumstances.
On the other hand, we can be fairly certain that some Pacific species could pass through the
canal and could become locally established in the Pacific waters of the Atlantic. It is also
improbable that these species would be able to survive in the Atlantic outside the region of
environmental modification due to water flow tbrough the canal. The Pacific species most
likely to become established along the Caribbean shore are those of estuarine and other
shallow-water habitats, the very habitats that have been least thoroughly studied.

To improve the precision and reliability of these and similar ecological predictions
would require additional information and quantitative data which could be provided only
by a comprehensive program of field, laboratory, and theoretical (modeling) studies.
Extensive taxonomic surveys would be required to improve our knowledge of the biota of
the Tropical Western Caribbean and Tropical Eastern Pacific. Except for a few economically
important species, ecological life history data are virtually nonexistent. Basic biological
studies would be required to obtain such information. The geographical extent and
physicochemical characteristics of the marine habitats on the two sides of the isthmus are
imperfectly known from a few cursory surveys. The species composition and functional-
ecological structure of the biotic communities that characterize these habitats are
imperfectly known and inadequately understood. The parameters required to predict the
flow of water and planlkton through the canal have not been adequately measured. ' 'e
processes of migration, establishment, and competition have been but little studied and are
not well-understood. To remove these deficiencies in our knowledge would require a
comprehensive, long-term program of well-coordinated physical oceanography, manne
ecology, and basic marine biology studies.

V-D-2



SUMMARY AND RECOMMENDATIONS OF THE COMMITTEE ON
ECOLOGICAL RESEARCH FOR THE INTEROCEANIC CANAL,

DIVISION OF BIOLOGY AND AGRICULTURE,
NATIONAL RESEARCH COUNCIL

1. Summary

Available evidence indicates that the Pacific and Atlantic Oceans were separated when
the Central American Atrato Trench cdosed in the late P!iocene. about five million years ago.
The formation of the land bridge resulted in different patti,.o of selcetive pressure on the
ma.:.ie biota on either side, leading to unequal rates of speciation and extinction of species
in the tw..) oceans. Of unique significance in this regard are the geminate spccies, because
among them c.,i be found examples of every stage in the process of evolutionary divergence.
By conservati'e estimate there are T,500 Atiantic and 8.500 Pacific species of marine
bntl-c algae and animals now living ir Cei-tral American waters at depths of 0 to 100
meters. Of thcse some 700 species are common to both sides, ranging from about two
percent of the sc!eractinian corals to p -haps 20 percent of the polychactes.

The inherent fragility of natural communities is exemplified by changes in the
mammalian faunas of North and South America after they intermingled following the
formation of the Isthmian land bridge. Man is now adding a whole new dimension of change
over a span of only a few decades. Witness :he economic disaster to the fishing industry
brought on by the ,novement of the sea lamprey through man-made canals to the Great
Lakes, th2,' intv ' iction into Europe of the Canadian water weed and into Australia - -1
New Zealand Luropean rabbit and other exotic mammals and birds. The reversal of
such ecological mistakes, ev:n where possible car, oe very difficult and costly.

Stucies of the Suez CanrA i, Oicaite th.• transmigratk .i and colonization of marine biota
occur, chicfly from the ec-oLo&ally more to the ecolog~caily lesq s,,.urated region; tihat
mobile, active organisms, ant' fot lin, organisms, are generally first to make the transit; that
large-scale population ch..,,rs occur- that significant economic impa,.t sometimes results;
and that barriers decrease the likelihood of dispersal. There are several rossible major
consequences of a Panamaiiian sea-level canal:

Changes in ý'sheries ;'sources and the prolability that these changes will be
uncritical!y attributed t. the canal.

-- Introduction of sea snakes and other troublesome marine bita, with consequent
dar.ge, to recreitional users of the marine environment.
Al:eration of marine communities, precluding scientists from gathering information
on undisturbed liabitats.
Impact on the resident biota from introduced parasites ana pathogens.
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- Disruption of the distributions of endemirc fresh watý.r organisms before they can
be adequately studied.

- Destruction of marine communities, particularly coral reefs, by deposition of spoil
and subsequent longshore drift of silt.

Knowledge of the hydrology of a sea-level canal is adequate if not ideal, except for data
on disposal of spoil, littoral drift, specifications for tidal locks, and design characteristics of
a fresh water barrier. Oceanographic data --e scant for inshore regions of Panama and for
the offshore Caribbean side; the former are the very waters that will pass with thc'r
contaived biotas through a sea-level canal. The taxonomy of the marine biota and of natural
communities is poorly known for a number of groups; their ecology in shallow waters is
virtually unknown. Key communities, particularly the soft bottom shelf, coral reefs and the
dominant neritic biota, would need to be monitored over a period of several years. The
esta.blishment of biota bankf. as a permanent record of local biotas and the storage of
materials as representative k ecological communities are important c,,,ollaries to the
overall rNearch. Support for training and research in taxonomy will be essential it adequate
surveys and assessments are to be carried out. In any event, manpower and fiscal limitations
will necessitate research emphasis on selected groups of organisms; other selected taxa are
recommended for studies on ecosystem!., dispersal, parasitism, eurytopy, economics and
health. Available research resources for Panama, the adjacent coasts of Middle and South
America, and the Caribbean Islands are listed along with certain United States institutions
where supporting research can be conducted.

The larvae of many tropical invertebrate species seem capable of long-distani.e travel.
Marine organisms transported passively and established away from their place of origin are
generally tolerant of environmental fluctuations. Certain mobile, active organisms may
easily traverse the canal in either direction. Limited transmigration of pelagic species is
likely but there is oaly a slight chance that meso- and bathpelagic organisms will do so -
whether these would constitute propagules cannot be predicted. Early animal invaders might
arrive without theb- characteristic predators and, lacking new predators, become established,
forming a new biological balance. Studies on feeding habits of animals would provide
information of value in predicting the results of such encounters. Resistance to physiological
stress is singularly important in any organism's capacity for dispersal and colonization.
Physioiogical measurements would identify subtle differences between existing populations
of the same species and between geminate species and would indicate to what degree the
tropical marine biota is stenotopic. Studies of colonization on transplanted substrates and
settling plates would offer important information on the potential for dispersal and
establishment. Finally, studies on mating behavior and reproductive isolat;nR mechanisms
would be essential to an elucidation of evolutionary pathways taken by the biotas under
consideration.

Fresh water in the present Panama Canal constitutes a highly selective filter, permitting
only the occasional transit of organisms tolerant of a wide range of salinity. It is essential
that interoceanic migrations of marine biota through a sea-level canal be similarly prevented,
from the outset, by installing a fresh water thermal barrier. Specific salinities, temperatures
and lengths of the barrit.r are suggested- tidal gates would play a critical role.

It is recommended that an entirely new Commission be established, charged with
fundi,,g nnd supervising research, addainistering facilities and ships, soliciting and screening
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proposzas, and coordinating the activities of various other agencies and institutions. The cost
of the ecrlogical research associated with the planning, construction and operating of the
sea-levei canal is a fully legitimate part of the total cost of this canal and should be borne by
(he users of the canal. To carry out the Committee's recommendations, support for
facilities, staff, operation and maintenance is estimated to be:

Initial Capital Outlay = $4,080,000
An iual Budget (first year) = $2,668,000
Total Budget (first year) = $6,748,000
Annual Budget (second and later years) = $2,118,000

The construction of a sea-level canal in Panama is a gigantic experiment with natural
ecosystems whose consequences are unforeseeable. A new canal will affect the animal and
plant life of the two oceans. What these effects are cannot be determined until and unless
the nature of the present differences between the biota and ecosystems of the two oceans is
first carefully establishel through perhaps a decade of intensive research. It is imperative
that studies be initiated immediately if a decision on constructing the sea-level canal, in the
affirmative, is made.

2. Recommendations*

a. Possible Major Consequjences

* Many problems in applied and theoretical biology raised by the impending
sea-levcl canal urgentiy require solution. The setting is international and calls
for involvement by the current CICAR Program (Cooperative investigations of
the Caribbean and Adjacent Regions) of UNESCO, the International Biological
Programs, FAO (Food and Agriculture Organization) and other :nternational
and national organizations. Because of the need for long-term research on a
broad international basis we recommend these problems for inclusion in the
International Decade of Ocean Exploration (see lptrciuction, 1-3 and 11-3).

* Studies on the nature and extent of natural and fishery-induced population
changes are vitally needed it, order to distinguish them from any effects of a
sea-level canal (see 11-2a and IV-5). The following are recommended:

-Encourage the governments of Panama and other countries with marine
resources liable to be affected by the canal - Colombia, Nicaragua, Costa
Rica , Honduras, Cuba, Jamaica, Haiti and the Dominican Republic - to
develop and perfect their programs for the collection of fishery statistics
under FAO auspices.

"Reflren'cs are to the basic study contamcd in Appendix 16.
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- Each of the countries involved should be encouraged through technical
assistance to initiate and develop programs of stock assessment in relation
to their own fishery resources. The cost of these program!; should be shared
between the canal and the country concerned.

* Studies on animals and plants of medical importance and those of potential
importance to tourism are recommended (see 1I-3bcd and IV-6).

b. Hydrology ot the Canal

Although there is considerable information on the hydrology of the sea-level canal,
additional data are required on specific questions (see 111-2 and IV-2).

* More information is needed to determine (1) how tidal gates would affect
currents in the canal and how many hours the gates would have to be c*osed to
achieve zero net flow of seawater, (2) how much fresh water could be available
to create a barrier to the dispersal of marine organisns in the canal, (3) the
characteristics of temperature-salinity profiles throu.ýhout the year (also see
section V-4), and (4) specifically where the deposition of spoil would occur,
how much material would be spoiled there and what effects the spoilage would
have on benthic communities, especially coral reefs.

c. Oceanography

"* Nearshore zone processes. It is essential that basic physical data be collected
from the coastal zones of both sides of the isthmus in order to establish present
baselines for comparison with future conditions (see 111-3 and IV-3). The kinds
of data should include:
- A comprehensive budget of waves, including both swell and wind waves for

the offshore areas off each proposed entrance on the Pacific and Caribbean
coasts.

- A detailed study of the types of shore zones and sediments occurring along
each coast.

"* Coastal oceanography (see 111-2 and IV-3).
- Gulf of Panama inshore survey. We recommend that an inshore current

survey be performed to elucidate the details of the westward coastal fow
in the inner Gulf of Panama, to determine the seasonal extent of such flow
and the nature of circulation in the Gulf. Tiis coastal water will be the
source of supply for Canal water at the most probable environmental
monitoring sites.

- Gulf of Panama and Caribbean oceanographic surveys. Oceanographic
surveys should be made on both sides of the Canal, with high priority to
the Caribbean side, because: (1) general circulation is veýry much better
known on the Pacific side, and (2) it is on the Caribbean side that the
effects of the plun'e from the Canal effluent must be studied. Study of
circulation and mixing processes between oceanic and neaxshore to coastal
waters should be closely coordinated and interrelated, with every effort
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being made to have the corresponding oceanic and inshore observations as
synchronous as possible.

- Physical oceanographic studies after the installation of the canal can be
made at anytime but must be based on pre-canal observations. The
rationale for studies of flow patterns, etc. immediately after the canal is
opened is therefore to serve the needs of the biological program.

Biological oceanography (see 111-3 and IV-3).
- Large samples of biota, especially planktonic and pelagic organisms, should

be tai:en with comparable, standardized procedures in oceanic, nearshore
and canal sampling stations as quantitatively as the contemporary state of
the art will permnit. These standardized sampling techniques must be
continued throughout the period of study in ooth Pacific and Caribbean
areas. Biological data banks should be provided for these samples. A
massive collecting effort is essential for detecting propagules.

- A permanent sampling station should be established near the Caribbean
mouth of the canal to monitor on at least a weekly basis the biota present
in the effluent water.

- Comprehensive collection of plankton and other pelagic biota on both sides
of the isthmus covering Marsden squares 008, 009, 44 and 45 must be
made before the canal is opened. Such a survey should be comprehensive
seasonally for at least one year and cover the biota of the upper kilometer
of the ocean.

- Nearshore biological oceanographic studies that are comparable with those
on coastal oceanography and current studies must be done in the Gulf of
Panama in order to determine the biological quality of the water entering
the canal seasonally.

- Biological oceanographic surveys must be made in the mere open ocean,
mainly in the Caribbean. to determine, before and after the canal is open,

the gross effects on the oceanic biota in terms of the timing and effect of,
e.g., phytoplankton blooms associated with the Iffluent plume. Area
covered should be the bight from Costa Rica to Colombia.

- A repeat survey of biota should be undertaken over a much wider area of
the Caribbean than recommended above to trace the extent of movement of
Indo-Pacific forms into the Atlantic.

d. Marine Biota
* Sampling.

- We recommend that the marine biota be sampled to a depth of 100 meters
from Colombia to Costa Rica (both coasts), with emphasis on Panama and
particularly at anu near the openings to the sea-level canal. Sampling on the
Pacific side must include both upwelling (Gulf of Panama) and, equally
important, nonupwelling (Gulf of Chiriqui) regions. Methods of sampling
arc detailed in Appendix B also see section IV-4a.

V-E-5



- Recommended study areas in Panama are given in section IV-7 for the
following habitats: soft bottom shelf, neritic plankton, sandy beach,
fouling communities, rocky intertidal, coral reefs and mangrove shores.

Taxonomic analysis.
- The careful recording of much information on the marine biota must be

started as soon as possible. This will include an inventory of charactelistic
elements of the biota, of the ,:omposition of the major marine com-
munities, and of the physiological tolerances, parasites, and pathogens of
the dominant components of the biotas (see IV-4b).

- We recommend that high priority be given to coral reef and subtidal soft
bottom communities and the dominant elements of the neritic biota as
critical areas of study (see IV-7).

- It is imperative that additional support be made available for systematic
research and fo- he training of graduate students prior to the opening of
the interoceanic canal.

- Detailec recommendations on taxonomic analysis are given in section
IV-4b and include:
- An intensive study of certain relatively well known groups of

organisms, such studies to serve as the base line for analysis of
post-constructional changes in the biota.

- A study of groups of organisms that have particular significance for
ecosystem studies.

- A study of groups containing species with a strong likelihood of
dispersing.

- A study of groups that have species of particular economic or health
importance.

- We emphasize the recommendation that the research areas in the present
program be built about specifically solicited, highly qualified personnel.

* Establishment of biota banks.
- It is essential that collections of marine organisms be maintained in

permanent repositories in order to compare changes in the marine biota
after the canal is opened (see IV-4c). The concept of biota banks includes
two necessary functions:
- Long term storage of materials as a permanent record of a local biota,

particularly of taxa that cannot be studied at the present time.
- Storage of materials as representative of ecological communities.

- Storage of selected plant and animal material by freezing is recommended.

e. The Biology of Dispersal and Colonization
• Sel•cted marine organisms should be reared under laboratory conditions

simulating the physical and chemical parameters they would be likely to
encounter during their natural dispersal. Emphasis should be placed on
eurytopic species, those of commercial importance, those thought to be
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dominant species in communities and parasites that may be carried with their
hosts (see chapter V and section VI-2).

"* An attempt should be made to correlate the breeding habits and dispersal stages
of the organisms selected for study with an assessment of larval stages actually
predominating in the plankton. There should be included an analysis of the
proportion of species with planktotrophic larvae.

"* Rearing experiments to determine the length of larval life in the chosen species
are recommended. Ancillary information is needed on food requirements.

"* Studies on marine larvae must be closely allied with proposed physiological
research (see V-4 and VI-3).

f. Physiological Measurements
"* To provide a basis for prediction of possible colonization after transfer from

one ocean to the other and to seek subtle differences between existing
populations of the same species and between geminate species, measurements
are recommended on the following topics: behavior, protein specificity,
reproduction and rate of development, tolerance of environmental extremes,
metabolic measurements, and osmotic and ionic regulation (see V-4 and VI-3).

"* Particular care must be taken to obtain identical or geminate species from the
Bay of Panama and from the Caribbean.

"* ft is recommended that a comparison be made between animals from
corresponding habitats in three areas - regions of upweiling, regions of the
Pacific where no upwelling occurs and areas of the Caribbean along northern
Panama. Further, it is recommended that to test the postulate that animals in a
nonvarying environment have limited capacity for acclimation studies should
be made on similar species from Panama and from a temperate marine
environment.

"* It is important, if data from the physiological tests are to be used to predit
which species may successfully migrate from one ocean to the other, that the
preceding studies be initiated immediately.

g. Food Habits and Dispersal
"* Because of the relationship of food habits and success of dispersal, it is

recommended:
- That studies be carried out on feeding of selected benthic organisms,

inshore fishes, and sea snakes.
- That dominant species be chosen.
- That certain species of commercial importance and of aesthetic con-

sequence be studied.
- That species be chose:, for research on both larval and adult nutrition (see

V 1-4).
"* Emphasis should be pliced on experiments both in the laboratory and under

natural conditions to obtain information on selected aspects of feeding
behavior (see VI-4).
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h. Role of Passive Transport
"* Plankton carried through the canal by currents should be monitored,

particularly to test the effectiveness of the proposed biological barrier (see
11-2b, V-2a and VI-5).

"* Studies should be carried out on the nature and survival of fouling organisms
and of organisms in ship ballast (see II-2b, V-2b and VI-5).

i. Dispersal and Colonization Experiments
o The empty island experiment is recommended as the bcst avail!abl• approach to

the assessment of dispersal and colonizing ability (see VI-6). The colonization
of transplanted substrates should be studied under natural conditions and
experiments with settling plates should be carried out befort, during and after
construction of the canal.

j. Parasites and Pathogens
"* An extensive survey of animal and plant parasites and pathogens should be

made on both sid ,s of tht proposed sea-level canal. The study should include
hosts belonging to all the major taxa - vertebrqtes, invertebrates, and plants
(see II-3d, IV-6 and VI-7).

"* Emphasis should be placed on selected species that are of potential economic
impact and that are deemed to be the most likely candidates to establish
themselves after traversing the canal and on those groups that frequently reach
epidemic proportions, that is, viruses, bacteria, fungi, protozoans and helminth
parasites or pathogens.

"* The economically most serious parasites and pathogens of the Atlantic and
Pacific should be tested in the laboratory for effects on the similar hosts in the
opposite area.

"* The degree of specificity of parasites and pathogens is an important subject for
research.

k. Geminate Species
• Painstaking taxonomic analysis must precede the choice of forms for geminate

species studies.
"* Studies of pre-mating and post-mating reproductive isolating mechanisms

should be made by crossing and observing selected geminate species pairs (see
V-5 and VI-8).

"* Competition studies should be performed to learn how various closely related
animals will interact after a canal is built (should free access be permitted). lFle
ability of various territorial species to exclude resident species can be assessed
in a series of controlled behavioral experiments.

"* The behavior of geminate predat,)rs toward distasteful or dangerous prey
species should be studied, and information about the innat, and learned aspects
of avoidance reactions should be obtained.
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Biotic Barriers
* Considering the grave potential dangers of interoceanic migrations of plants and

animals, it is essential that migration be prevented so far as possible by
installing the most effective barriers that can be devised. What is required is the
establishment of a freshwater-thermal barrier and a closing of tidal gates for
such lengths of time as needed to reduce the net flow through the canal to zero
(see chapter VII).

e Assumed lethality for 48 hours exposure within a biological barrier:
- Utilizing salinity alone: 0.5 to 1.50 ba (parts per thousand); a maximum

of 5 per,.ent seawater is recommended.
-. Utilizing temperature alone, 45°C is recommended.
- Utilizing a combination of dilute seawater (salinity of 3.4"/oo or 10

percent seawater) and high tempprature (37-38'C), 48 hours exposure
would be effective.

* The size of thle barrier needed would depend on the flow of water. Assuming a
period of 10 days for water to pass by tidal flow across the isthmus, the
above-specified barrier (dilution or heat, or both) should extend lbr a minimum
of 20 percent of the length of the canal, preferably for 40 percent.

e Before the biotic barriers can be designed with confidence, a series of tolerance
studies on selected species should be performed. In general, a 48-hour lethal
test is sufficient for preliminary screening. However, tolerances should be
measured after different salinity and temperature accliniations. The tolerance
tests must be implemented at an early stage of planning, as they may influence
the specifications for a biotic barrier.

* Provisions must be made to prevent flow through the canal in the event of a
mechanical breakdown in one set of tidal gates. The effectiveness of biotic
barriers will need to be assessed by continuous monitoring of physical
properties of canal waters and its biological components. Prior baseline research
on coastal waters is essential in order to permit accurate predictions of the
efficiency of the barriers.

e Rcseavch on the feasibility of using nrvel barriers, a bubble curtain or a wall of
ultrasonic vibrations, is recommended.

m. Commission on the Ecology of the Interoceanic Canal
e We recommend the establishment ot a Commission chargcl with supervising

reseŽarch, administering facilities and ships, soliciting and screening proposals,
unn,:Ang research and facilities, and coordinating the activities of ",,rious other

igencies and institutions likewise interested in this area (see chapter L1. 1. To do
this. a permanent Oltice should be established in the Panamanian area as veil as
in Washington, 1). C. TWh. Commission should have adequate staff supooi' to
assist it in carrying out itt. t.:-:!

* A distimguished lGov-rning Board should be appointed, charged with supervising
the activities of the Commission. Government and nongovernment scientific
Institution'; and aencies :h1ould be represented on this Goveri'ing Board, as
should scientific institutions of the Americas. particularly the countries
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bordering the Caribbean. As much of the rcsearch will be by contract, rfcview
panels of the highest quality are essential.

n. Needed Facilities, Staff, Operations and Maintenance
Support of the ecological research associated with the planning, construction and

operation of the sea-level canal is to a large extent a legitimate element of the cost of the
canal. The Committee recommends that henceforth an item covering these funds be made
available from planning, construction and operation resources to the Commission
recommended in chapter IX. Until that mechanism can be established it will be necessary to
include a line item in the budget of an existing Federal agency to fund the researches that
are immediately essential (see Introduction and chapter X).

The budget given below does not include funding for recommendations on fisheries
given in section IV-5.

1. Initial Capital Outlay

a. Administrative Facilities $ 50,000
b. Research Laboratories $1,500,000
c. Special Equipment for Research $ 550,000
d. Equipment for Environmental Surveys $ 440,000
e. Ships $ 940,000
f. Biota Bank $ 600,000

Total i $4,080,000

2. Annual Budget

a. Senior Scientists and Staff $ 800,000
b. Administrative Staff $ 100,000
c. Rent-! of Administrative Facilities $ 3,000

(see I-a)
d. Taxonomic Services $ 250,000
e. Operati.ag Costs of Research Facility $ 70,000

(exclusive of 2-a)
f. Ship Operation, including Personnel $ 720,000
g. Service Personnel S 40,000
h. Utilities $ 20,000
i. Travel S 10,000
j. Publication Costs $ 10,000
k. Library, including Staff S 20,000
I. Governing Board and Review Panels $ 25,000
mn. Coordinated Programs S 500,000
n. Contingency Funds S 100.000

Total 2 (first year) = $2,668,000
GRAND) TOTAL I and 2 (first year) = S6,748,000

TOTAL 2 (second and latcr years) = S2,1 18,000
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